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Multiplying the Yield Per Man 


Taking twice as many rows and traveling twice 
as fast, this man dusts four times as many cab- 
bages as he could with animal-powered equip- 
ment of such size as is, or was, common in truck- 
crop culture. He can apply pest protection four 
times quicker, or four times as often, or to four 
times as much acreage. 


Truck crops usually are worth hundreds, often 
thousands, of dollars per acre. Yet hand opera- 
tions may consume so much labor that the value 
per man-hour is only a trifle. Truck farming 
dramatizes this vital principle: The figure that 
counts in modern farming is not yield per acre 
but yield per man-hour. 


Multiplying yield per man is the central purpose 
in Case philosophy. It means more than tractors 
with plenty of power, more than implements 


and machines with high hourly capacity. It 
includes such things as accuracy in seeding and 
planting machines . . . more thorough threshing 
and separating in combines. . . higher quality 
in hay and silage . . . superior performance that 
pushes up the final yield per acre and thereby 
pyramids the yield per man-hour. 


Conservation of human energy as well as time, 
adding to man’s comfort and dignity as well as 
his productivity, are among the ideals toward 
which Case tractors and machines are built. 
Quick adjustments in the field . . . little risk of 
delay from minor mishap . . . minimum time for 
daily care and seasonal maintenance . . . good 
visibility and handy controls all add their bit to 
the farmer’s safety and sense of mastery as we!l 
as his material rewards. 


EDUCATIONAL MATERIAL ON ADVANCED PRACTICES. In cooperation 
with the Soil Conservation Service and other agricultural authorities 


Case has prepared movies, booklets, etc., of educational value. 
of the films are in full color and sound; all are in 16 mm. 


Most 
width. 


Several have parallel booklets of similar scope. Charts anc posters 


—_> 


are suited to classroom and exhibit use. Some of the subjects are 
terracing with plows, building ponds, making high-protein hay. Send 
for booklet, “Visual Education Materials.” J. I. Case Co., Racine, Wis. 
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In Their 5 New Post-War Models... 
MASSEY-HARRIS sticks to 
TWNicke!-Chromium-Molybdenum Steels 
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‘The ruggedness of Nickel alloyed steels, affording 
high strength, excellent resistance to wear and impact, 
‘is especially suited for agricultural use. The large 
number of compositions available permit choice 

of the right steel for each specific application. 

And that’s why Massey-Harris Company, specifies 


It triple alloy steels containing Nickel for axles, 
~ | transmission gears, the differential, belt pulley bevel 
lity /gear and pinion sets, and other critical parts of 
hat i their tractors. 
eby 
Experience proves that it pays to use alloy 
me, | steels containing Nickel. 
l as 
rard 
uilt. 
k of 
for 
‘ood 
it to 
Wwe 1] TRADE mata 
Over the yeors, International Nickel has accumulated a fund of useful 
information on the selection, fabrication, treatment and performance of 
| ngineering alloy steels, stainless steels, cast irons, brasses, bronzes and 
cooperation § other alloys containing Nickel. This information and data are yours for 
| authorities Jf the asking. Write for “List A’ of available publications. : 
value. Most oe 
mm. width. 
¢ posters 
= THE INTERNATIONAL NICKEL COMPANY, INC. ttw'tores x 
sh ’ = NEW YORK 5, N.Y. 
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EDITORIAL 


Example of Productive Research 


ELDOM has the development of any one new unit of 

equipment met with such widespread favorable interest 
as the Michigan radiant-energy frost controller. It offers 
some lessons in viewpoint, opportunities, technology, and 
procedure in agricultural engineering. 

A leader in agriculture, with more than ordinary appre- 
ciation of engineering as a technology capable of helping 
farmers, suggested frost control as a field of investigation. 
It was one specific opportunity to help Michigan farmers 
alone to reduce a 20 million dollar annual loss if it could 
be worked out. 

Arthur W. Farrall and some of his associates in the de- 
partment of agricultural engineering at Michigan State Col- 
lege approached the problem from a research viewpoint. 
They collected all the data they could find on types and 
causes of frost, rates and nature of heat losses from soils, 
rates of transfer of heat from lower layers to surface soil, 
and existing means of frost control. 

They found that frosts were commonly caused by radia- 
tion of heat from the soil, and that existing means of heat- 
ing the air over a field involved prohibitive costs and other 
serious disadvantages in all but exceptional cases. They con- 
sidered replacement of heat by radiant energy. It was not a 
principle already in common application by agricultural 
engineers. But it was a well-established principle in the 
science of physics, being applied in some other branches of 
engineering, and available for consideration. 

The mechanics of heat source, reflection, and mounting 
were worked out, some models built, and preliminary tests 
made. Results were encouraging. Refinement became a mat- 
ter of further research and testing. 

Opportunities and objectives for agricultural engineer- 
ing research are indicated by the whole range of economic 
and social losses in farm activities due to adverse weather, 
chemical conditions, -_— and competing organisms, fire 
and other physical disaster, and the limitations and com- 
peting activities of man. They are indicated further by 
positive mag 8 of new ways and means, new forms of 
production and service, new ways of living to increase the 
net production by agriculture of genuine human values. 

_ The technology to be applied in agricultural engineer- 
ing research is not limited by what has already been applied. 
The whole range of physical science is potentially available. 
The physical science already in use in some one or more 
branches of engineering may indicate some of the more ap- 
_ opportunities. The physical science to be brought to 

ear in any particular case will depend on the most accurate 
analytical definition of the problem or problems that can be 
made from existing information. 


The Customer Factor in Business 
ss of thought in responsible business admin- 
istration, toward increasing recognition of the buying 


power factor in an economy of free enterprise, is indicated 
in a recent quotation from Fowler McCormick. Said Mr. 


McCormick, in part, “. . . the time is here to recognize cus- 
tomers as an integral part of a business. Our present wage- 
Price-profit mechanism is out of date. All industry finds 
itself in the same situation. .. . . We have done something 
for our stockholders, . . . . and we have done plenty for our 
employees. Now we must try to be equitable in our treat- 
ment of the third group — our customers.” This was in 


reference to a price reduction which represented a sub- 
stantial token increase in customer buying power. 

Here we have a concept of equity which may be broader 
than it appears at first glance. It suggests a picture of a free 
economy as a mechanism in which buying power is the fuel 
which turns the wheels, and which must be replenished by 
their turning. More specifically it suggests a balancing re- 
lationship in which the proportion of national income going 
into consumer purchasing power is the only weight at one 
end of the scale which can support and maintain at the 
other end the value of the remaining income saved and in- 
vested in new production. 

If this is true, the equity of which Mr. McCormick 
speaks is the combined equity of customers, employees, 
stockholders, engineers — in fact, everyone in the balanced, 
productive operation of our economic mechanism. 


Physical Properties of Agricultural 


Materials 


NE of the remaining blanks in the scientific knowledge 
frequently needed by agricultural engineers is in the 
physical properties of agricultural materials. 

We suggest the development and compilation of more of 
this basic knowledge as a logical job for publicly supported 
pure science research. 

It will involve a lot of onerous detail, with little prospect 
of direct reward in terms of fame or fortune. Unless some 
department of agricultural physics can be found to do it, 
some agricultural engineers with inclination toward pure 
science may have to do it, to a greater extent than they have 
in the past. 

The agricultural materials we have in mind include the 
various crop plants, livestock, and pest organisms and their 
separate parts, in various stages of their life cycles, together 
with their environmental soil, water, and air. 

The physical properties we have in mind include not only 
their dimensions, shapes, proportions, internal structure, dens- 
ity, strengths, and kindred characteristics, but their electrical 
and acoustical properties; and the manner and extent of 
effects produced by environmental physical influences of tem- 
perature, pressure, light and other spectral energy, electricity, 
and other forces, as they occur in nature or might be applied 
by man. 

Physical science has served long and faithfully as the chore 
boy of agricultural commerce, measuring and recording com- 
mon sizes, strengths, densities, and a variety of other proper- 
ties relating to existing uses of a wide range of organic 
materials, from cotton fiber to heavy timber. 

But pure science has also shown a greater field of useful- 
ness. It has proven the long-range economy of producing a 
stockpile of knowledge to be drawn on by business as prac- 
tical uses become evident. It has shown that both the processes 
and the results of searches for new knowledge often suggest 
valuable uses, new opportunities, new approaches, which do 
not come to light when science is limited to service as a chore 
boy. 

On this stockpile of knowledge, information on the physi- 
cal properties of agricultural materials is a primary substance 
for use by agricultural engineers, to create new and improved 
engineering tools and processes for use by farmers. It is to 
our interest to strongly encourage the development of this 
information. 
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“Quick as a wink" is the way rubber is locked to 
metal with the ORCO Quick-Clip method of 


fastening. 


Note the integral stem on the molded rubber part. 
The stem goes through a hole drilled in the metal. 
A metal clip slips over the rubber stem. Presto! The 


rubber part is fastened to the metal permanently. 
(No tools needed.) 


The number and position of stems on a molded 
rubber part are dependent upon the size, shape and 
other factors relating to the specific rubber and 
metal parts to be fastened. Likewise, the design, 
size, and shape of the metal clip is subject to 
numerous variations to meet specific conditions. 


Furthermore, the ORCO Quick-Clip method is not 
restricted to molded rubber parts. Under certain 
conditions, the method has practical application 
to extruded rubber parts. 


Speed of application and permanency of fasten- 
ing rubber to metal are two chief advantages of 


the ORCO Quick-Clip method. 


Although numerous conditions still call for the 
usual ORCO rubber-to-metal bonding processes, 


the new ORCO Quick-Clip method extends the 
scope of rubber-to-metal applications. 


Inquiries for further information are invited but 
present conditions make it impossible to make 
definite delivery commitments. 


.* CONNEAUTVILLE, PA. 
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Negative Radiation—lIts Relation to 
Farm Building Design 


By S. Milton Henderson 


MEMBER A.S.A.E. 


HE study reported in this paper developed out of some 

observations of the temperature effect of white paint 

on sheet metal roofing. Sheet metal as a roofing ma- 
terial is criticized because it and the space under it becomes 
hot due to the heat energy received from the sun. This con- 
dition can be corrected by insulating the roof or by providing 
an outer surface which reflects a large part of the solar heat. 
Since white is known to be a good excluder of solar heat and 
since bright metals are known to be better excluders than dull 
metals, the quantitative effectiveness of white-painted, new 
galvanized, and weathered-galvanized surfaces was observed 
in the following manner. 

Three tight, well-insulated compartments (Fig. 1) were 
covered with uninsulated corrugated sheet metal roofs. The 
roof of one compartment was well-weathered sheet metal 
seven years old. The second compartment was covered with 
new galvanized sheet metal, and the third with white-painted 
sheet metal. Previous tests of solar reflectivity of these sur- 
faces showed that the old galvanized sheet absorbed about 90 
per cent of the impinged normal solar radiant heat energy, the 
new sheet approximately 72 per cent and the white-painted 
sheet about 45 per cent®*, The greater the absorptivity, that 
is, the amount of solar heat that gets into the building (is not 
reflected), the hotter will become the surface and the space 
underneath. One would conclude from this that the older 
sheet and its corresponding compartment would be hotter than 
the newer sheet at times when the sun was shining. But this 
was not the case. Tests were made on four different days 
with bright sun and a clear sky and in each case the newer 
sheet and its corresponding compartment was hotter than the 
older sheet and its compartment. A representative tempera- 
ture chart showing both surface and compartment temperature 
for one day is shown in Fig. 2. 

The amount of radiation 
normal to the roof was secured 
by an Eppley pyrheliometer and 
a Micromax recorder made by 
the Leeds and Northrup Co. 


This paper wes presented at the 
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appended references. 


Roof and compartment temperatures were observed by ther- 
mocouples. Note that both the roof and compartment tem- 
perature of the new sheet were greater than those of the old 
sheet for the entire day, a condition which existed during the 
four-day period. Note also that the white surface reduced 
the temperature elevation above air temperature to approxi- 
mately half that for the galvanized sheets. The new sheet 
reached a temperature of 149F (degrees Fahrenheit), 60F 
above air temperature. The maximum for the white sheet was 
115F, only 26F above the air temperature. Although not di- 
rectly related to the problem at hand, this observation should 
be of considerable interest to those who want to maintain cool 
structures in summer. For example, white paint has been 
used effectively to reduce summer temperatures in grain bins. 
After checking the temperature observing equipment for pos- 
sible errors and finding none, it was conceived that variation 
in the rate of negative or outward radiation from the roof to 
the sky between the two galvanized sheets might cause this 
apparently illogical phenomenon. 


Negative Radiation. Negative radiation, so-called, is the 
loss of heat from the earth to the sky by radiant heat ex- 
change and is the phenomenon which produces dew, frost, 
and unusually cold nights when the sky is clear. The general 
aspects of this are shown by the Stefan-Boltzmann equation® 
which is 

Q = 0.173 x 10°* E (T,* -T,*). 


This gives the net radiant heat exchange in Btu/sq ft/hr be- 
tween two bodies whose absolute temperatures are T, and T, 
and whose effective emissivity is E. Emissivities are expressed 
as fractions of the rate of radiation for a perfect black body. 
For instance, white paint has a factor of about 0.90, fairly 
bright galvanized sheet metal, 
0.23, and oxidized and dirty 
sheet metal, over 0.304. The 
variation between the two sheet 
metal indices was conceived as 
a possible cause for the results 
indicated above. 

The rate of loss from a roof 
to the sky varies directly as the 
emissivity of the roof surface 
and increases as the fourth 
power of the absolute roof tem- 
perature. The loss could be 
calculated from any known 
condition if the effective sky 
temperature, T,, were known. 
Unfortunately the factors which 
contribute to this value are so 
complicated and involved, no 
simple method of calculation is 


re ete Ba “ ; possible®. Because of this com- 
Fig. 1 This picture shows the test house used for the temperature 
studies reported in the accompanying paper 


plication an entirely different 
method of approach was made. 
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The effect of this negative radiation feature was investi- 
gated, first by suspending pieces of sheet metal about 10in 
square with thermocouples soldered underneath, under the 
open sky on a clear night and noting the temperature depres- 
sion, that is, the number of degrees the sheets dropped below 
air temperature. Four different surfaces were used. The obser- 
vations are reported in Table 1. Note that the black, white, 
and old galvanized sheets were about 12 F lower than air tem- 
perature during the entire period and that dew formed short- 
ly after the test began. The new galvanized sheet dropped 
only 8F, a value which was constant for most of the period. 
Dew formed much later on the new than on the other sheets. 
This shows definitely that the new galvanizing radiates at a 
slower rate than the other three surfaces. The greater the 
temperature differences, the faster the radiation. This is shown 
quantitatively later in this paper. This indicates that the per- 
formance of the roofs under sunshine conditions was no doubt 
correct and that variation in the rates of outward radiation 
between the two galvanized sheets produced the interesting 
results shown in Fig. 2. 


TABLE 1. TEMPERATURE DEPRESSION OF STEEL SHEETS WITH 
VARIOUS SURFACES DUE TO NEGATIVE 
RADIATION ON A STILL NIGHT 


Air Temperature depression of sheets* 

Time temp., White Black Old New Dew on 
(p.m.) F painted painted  galv. galv. sheets 

7:00 47 15 15 14 9 Little to none 

7:25 45 13 13 12 9 All covered 

except new 

7:45 44 13 12 12 8 re 

8:15 43 11 11 1l 8 

8:35 42 12 10 10 8 m 

9:05 42 12 11 12 9 ee 
10:00 42 12 12 12 10 Trace on new 
10:40 42 11 12 11 12 All covered 


* Difference between air temperature and sheet temperature. 


A heat balance of these compartments would have helped 
to analyze the problem but this was not possible because the 
solar absorptivity appears to increase as the angle of inci- 
dence increases. This, and the complications resulting from 
the use of corrugated rather than flat sheets, did not permit 
an accurate value of the absorbed radiant energy to be secured 
for the periods studied. 

Indicated Rates of Loss by Radiation. The magnitude of 
the loss by radiation was investigated by additional controlled 
tests and review of published material relative to the problem. 

Electric heaters, thermostatically regulated to produce a 
continuous compartment temperature of about 80F were placed 
in each of the test compartments discussed above and the elec- 
trical energy metered. A 21-day series of tests were made dur- 
ing the winter, and the following data were taken: continuous 
record of air temperature, average wind velocity and direction 
for each 24-hr period, and heat input per compartment per 
24-hr period. Since no direct solar radiation hit the north 
compartment and since the indirect radiation was probably 
small, a daily heat balance was made for each north compart- 
ment. The difference between the heat input and that lost by 
conduction to the outside air was assumed to be loss by radia- 
tion. The average indicated rates of radiation for the old gal- 
vanized, new galvanized, and white-painted sheets were 10.0, 
6.5, and 27.0 Btu/sq/hr, respectively. The published emissiv- 
ity coefficients for these surfaces are 0.276, 0.228, and 0.94, 
respectively*. Dividing the rates by the respective emissivity 
values, the basic or black body (emissivity, 1.00) radiation 
values are 35.2, 28.5, and 28.7 Btu/sq ft/hr, respectively. The 
old galvanized sheet used for testing was unusually dark and 
dirty because of proximity to a railroad. It would be expected 
that its emissivity would be higher than that of a normally 
aged sheet because of this. Considering this condition, it is en- 
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Fig. 2. Temperature observations of white-painted, new galvanized and 
old galvanized sheet metal roofs and compartments 


tirely probable its value could have been, say, 0.35, rather than 
0.276. This would bring the basic radiation value in line with 
the other two and the close agreement would indicate that 
these are definite and, perhaps, significant indices. 

The steel sheets exposed at night and reported in Table | 
radiated according to the following formula: 


CA 
S*=—G) 
E 


Qx is the rate of radiation loss from the surface to the sky, 
expressed in Btu per hour per square foot of exposed surface. 
C is the surface conductance coefficient which varies with the 
wind velocity, Btu per square foot per hour per degree (F) 
difference in temperature. A is the area exposed to the wind 
per square foot of radiating surface. ¢, and ¢, are air and sur- 
face temperatures, respectively. The surface temperature can 
go but little lower than the atmospheric dew point. When the 
dew point is reached, the heat energy which is radiated is that 
liberated, at least in part, by the condensing water vapor. 
C for still air is 0.95 and both sides of the sheet were exposed 
to the air, so A is 2. E for the white and black sur/ace is 
assumed to be 0.94, the old galvanized surface 0.35, and the 
new galvanized surface 0.228. Q for these four surfaces, based 
upon the 7:00 p.m. observation, when there was littic dew 


_ formation, would be 30.3, 30.3, 74.0, and 74.6, respectively. 


It is apparent that the last two values are in error. * thin 
film of water would alter the coefficient of the last two and 
could easily produce the results shown. Since the coe‘‘icient 
for water is about the same as for black and white-painted 
surfaces, it is probable that the first two values are fairly re- 
liable, but the third and fourth should be disregarded. }adia- 
tion between the sheets and the ground may have produced a 
small but probably unimportant error. 

Similar observations by the U. S. Bureau of Standards in- 
dicated a depression of 13F for panels covered with house 
paints?. Although there was no indication of wind conditions, 
the rate of radiation could not have been less than 24.” Btu, 
the rate for a null wind. 
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Observations of night radiation at Fairbanks, Alaska, and 
Fargo, N. D., by the U. S. Weather Bureau during clear weath- 
er gave values ranging from 4 to 30 Btu’. 

The basic negative radiation values from the four sources 
discussed above indicate that a value somewhere around 25 
Btu/sq ft/hr would be a fairly representative average value 
for clear weather conditions. This value which is known to 
vary considerably even on a clear night due to moisture con- 
tent of the air and thickness of air layer may or may not be 
significant, but will be used during the discussion which fol- 
lows. Even though it may not be accurate, it will demonstrate 
the implications of this factor which is usually overlooked in 
design calculations. 


Importance of Negative Radiation in Design. The nega- 
tive radiation factor can be incorporated in the design pro- 
cedure by the formula in Fig. 3. This formula assumes steady 
state conditions and a basic negative radiation value of 25 
Btu/sq ft/hr. Since constant flow is assumed, the heat sup- 
plied inside the structure, Q, must pass through the walls. 
This takes place because the temperature of the outside sur- 
face, /., is lower than the inside air temperature, t,. Transfer 
of the heat from the inside to the outside surface is repre- 
sented by the middle unit of the formula, U' (t,-t,). The 
heat passes from the surface outward by radiation, 25E, and 
by conduction to the air, C (t,-t,). The division of the dissi- 
pated heat between these two depends upon the surface emis- 
sivity, the wind velocity, and temperature difference (7,—-#,). 

This formula can be used for any conventional design 
problem by substitution. But since it must be solved for ¢, 
and U’ must be determined during the solution, a more sim- 
plified method was desired. Simplification was secured and 
the importance of negative radiation was demonstrated by 
comparing heat requirements for certain conditions if negative 
radiation is considered with that indicated as required if it is 
not considered. The procedure for this follows: 


25E+C (t,-#,) = U'(t,-t,) = Q 
Let ¢#;-t, = At 
t-t, tt,-t, = At 
-.t.-t, = At-(t,-#,) 
By substitution 
25E + Cat-C(t,-t,) =U (t,-#,) 
25E + Cat= (C+U’) (t,-#,) 


{1} 


25E + C(t, -t,)-U(t-t)-@ 


E * SURFACE EMISSIVITY COEF. re 
C = TRUE OUTSIDE SURFACE FILM COEF. BTU/SQFT/HR. 
te* OUTSIDE AIR TEMP, F* 


t,* OUTSIDE SURFACE TEMP.,F°* 


U-* ROOF (OR WALL) CONDUCTION COEF. 
EXCLUSIVE OF OUTSIDE FRACTION, BTU/SQ.FT./HR. 


t, = INSIDE AIR TEMP, F° 
Q* HEAT SUPPLIED INSIDE STRUCTURE, BTU/SO.FT/HR. 


Fig. 3 Heat passage through a roof or wall, negative radiation 
considered 
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If radiation is neglected for any condition, the 25E term 
will drop out. The surface temperature will change to ¢,,,, the 
subscript (,,,) indicating surface temperature with radiation 
neglected or zero. Then 

Cat=(C+U’) (-ty) 

Dividing equation [1] by equation [2] 


{2] 


2E+Cat  (C+U')(t,-#t,) _ (t)-#,) 
Cat i (c+ U’') (4, — fea) ie (4; - ten) 
Introducing U’ and then Q, 
2E+Car _ U'(t-t,) _ @Q 
Cat 7 U' (4; —*gn) 7 Q, 


25E 
CAt 


-.Q=Q,F 


F is a correction factor which can be applied to heat require- 
ments determined by conventional calculations to correct for 
negative radiation. Q equals the over-all coefficient, U, times 
the difference between the inside temperature and the outside 
temperature. This is the conventional method of calculation. 
Values secured in this manner times F will give the heat re- 
quirement if negative radiation is considered. 

The relationship between F, C, E, and ¢ is shown nomo- 
graphically in Fig. 4. 

This chart serves two purposes. It may be used for secur- 
ing design data, and it demonstrates the error which may 
result if negative radiation is not considered when designing 
a building. The use of the graph and the implications of the 
radiation factor can best be demonstrated by taking a problem 
and considering it from a number of different angles. 

A roof has a thermal coefficient of 0.30 based upon a 15- 
mph (mile per hour) wind and, being of painted wood con- 
struction, an emissivity coefficient of about 0.92. How much 
heat is required per square foot of surface if an inside tem- 
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perature of 60F is required for zero outside? The thermal 
coefficient of 0.30 times the temperature difference, 60F, indi- 
cates that 18 Btu are required per square foot per hour. This 
is the conventional method of determining heat requirements. 
F from Fig. 4 for E of 0.92, a 15-mile wind and a 60-F differ- 
ential is 1.075. Therefore, the heat requirement would actu- 
ally be 1.075 times 18, or 19.35 Btu. This indicates an error 
of 7% per cent. 

Suppose the same conditions exist after the structure has 
been built but on a certain night the wind doesn’t blow. If the 
thermal coefficient is 0.30 for a 15-mph wind, the same wall 
or roof would have a coefficient of 0.24 for a null wind be- 
cause of a reduction in the outside coefficient. This value 
times the temperature difference would be 14.4 Btu/sq ft/hr. 
The F factor for this condition would be 1.40, which, times 
14.4 would be 20.1 Btu/sq ft/hr actually required to maintain 
the required 60-F differential, The error in this case would 
be 40 per cent. This is greater than the requirement when a 
15-mph wind is considered, an observation which should be 
noted with more than a passing thought. 

The effect of a roof of low emissivity, galvanized sheet 
metal, for example, can be demonstrated by considering the 
above problem with no wind and an E of 0.25, F is found to 
be about 1.11 rather than 1.40, the heat requirement 16 rather 
than 20.1 Btu. Thus it is shown that a roof (or wall) with a 
low emissivity is an effective heat conserving medium. 

Consider a poultry house with walls of such construction 
that no heat is lost through them, either by conduction or 
radiation. It is desired to maintain an inside temperature of 
40F for zero outside using the sensible heat produced by the 
birds. What roof construction would be used if the emissivity 
is 0.92? 

A chicken produces about 46 Btu/hr?. On the basis of 4 
sq ft per bird this would amount to about 11 Btu/sq ft/hr for 
the ceiling. The over-all coefficient, U, would be 11 divided 
by 40 or 0.275. For these conditions, note from Fig. 4 that F 
is 1.65. This means that with the roof indicated, 65 per cent 
more heat would have to be supplied to maintain the desired 
inside temperature under negative radiation conditions. The 
actual conditions which would exist if no heat were supplied 
can be determined by substitution in the formula of Fig. 3 and 
solving for ¢, and ¢,. U for a null wind would be 0.386. The 
surface temperature is found to be 13F below zero and the 
inside temperature 15% F rather than the desired 40F. What 
would happen under the same conditions if the roof were cov- 
ered with galvanized sheet metal (E=0.25)? The outer sur- 
face is found to be 5F above zero and the inside, 34F. 

These values would probably not apply accurately for 
walls since a wall ‘“‘sees’” the ground as well as the sky. Some 
reduction in the radiation rate would be expected because of 
this. No attempt was made to determine this factor but it 
should be recognized as existing. 

This problem further demonstrates the error which may 
result by neglecting negative radiation when designing on the 
basis of a constant heat source and shows the importance of 
an outer surface with a low emissivity. 

Building designers who have been unable to account for 
the excessive heat loss from carefully designed buildings dur- 
ing certain winter periods may find an answer in a study of 
negative radiation. 

SUMMARY 

This analysis was intended primarily to demonstrate the 
importance and possible implications of negative radiation as 
a design factor. It is recognized that the quantitative features 
of the problem are not well defined and a number of carefully 
controlled tests should be made to check the procedure and 
relative performance herein propounded. In spite of the ad- 
mitted uncertainties of some of the features of this analysis, 
certain facts do stand out. 
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1 Negative radiation on a clear night appears to be about 
25 Btu/sq ft/hr for a black body. The accuracy of this value 
should be verified and the factors which affect it evaluated. 

2 Negative radiation is of little consequence unde: con. 
ditions of high wind and large inside and outside temperature 
differentials. For low wind velocities or small temperature dif. 
ferentials, or both, considerable error may result if it is dis. 
regarded. 


3 If outside surfaces with a low emissivity are uscd, the 
effect of the negative radiation factor is minimized. G ilvan. 
ized sheet metal is an excellent surface to use in this respect. 
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Ag Engineers Shine in Virginia Farm 
Electrification 


To THE Eprror: 


HAVE read with a great deal of interest the article, entitled “Elec- 

trification through Agricultural Engineering” on page 13 of AGRI 
CULTURAL ENGINEERING for January. The Mississippi Power and Light 
Company is to be congratulated on the progressive program it has 
launched to electrify its rural territory, and to cooperate with farmers, 
rural groups, and educational agencies in promoting sound agricultural 
practices. Both the company and ‘the rural people it serves should bene- 
fit from such a program. 

In fairness to the electric utilities and electric cooperatives operating 
in Virginia, I would like to point out that programs of this type have 
been in operation in Virginia for many years. One of our leading 
utilities employed an agricultural engineering graduate of Virginia 
Polytechnic Institute in 1928, and he developed a very successful educa- 
tional program. That company soon employed additional agricultural 
engineers and the other large utilities operating in Virginia followed 
suit. Since the beginning of this movement in the state in 1928, these 
two utilities have progressively and systematically expanded their educa- 
tional work, employing agricultural engineers to handle this activity. 
At the present time, the utilities have 21 and the electric cooperatives 
employ 7, making a total of 28 agricultural engineers with the electric 
service organizations in Virginia. All of these men have college de- 
grees in agricultural engineering, and are usually given the title of 
“agricultural engineer” by their employers. These organizations also have 
other personnel in the field doing rural electrification work, but they 
are designated as “rural service engineers” or “rural representatives”. 

The cooperative efforts of these electric service organizations, the 
Virginia Polytechnic Institute, and other agencies over this lony period 
of years has culminated in the organization of the Virginio Farm 
Electrification Council. 

It might be of interest to note that our agricultural engineering 
curriculum at Virginia Polytechnic Institute has stressed tra 


aing in 
rural electrification for a number of years. We are strengthening and 
enlarging this type of training as rural electrification is one of the im- 
portant fields of employment for our graduates. Of some 240 22ricul- 
tural engineering graduates of Virginia Polytechnic Institute, approxi- 
mately a fourth are employed in rural electrification activities wth elec- 
tric service organizations, REA, TVA, USDA, and State college: in ex- 
tension, research, and teaching. 

We believe that men with a farm background and agricult. ral en- 
gineering training secured through a recognized four-year collex: course 
in agricultural engineering have the ideal basic qualifications for doing 
rural electrification work. Unfortunately some utilities are employing 
men who have had various types of agricultural training and ex;-2rience 
but who are not trained engineers to do rural electrification wo-k, and 
they are calling them “agricultural engineers”. This practice is obvi- 


ously unfair to men who are qualified agricultural engineers by ‘-aining 
and profession. I feel that the American Society of Agricultur:' Engi- 
neers should note the increased misuse of the title “agricultur.! engi- 
neers” and take some official action to curb it. It seems to me that 
action is essential in order to carry out the object of the Society as set 
forth in Article C2, Section 1, of the Society's constitution. 


Head, agricultural engineering dept., 


Cuas. E. Sritz 
Virginia Polytechnic Institute 
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Relation of Time and Operating Schedule to Hay Quality, 


Mold Development, and Economy of Operation 
‘ By C. W. Terry 


MEMBER A.S.A.E. 


crops in New York state. Farmers are always anxious 

o harvest this crop and get it into storage in the best 
possible condition. A great variety of harvesting methods have 
been used and many different ones are being used at the pres- 
ent time. Artificial curing methods have been tried with more 
or less success for about 35 years. 

With more and more emphasis being placed on mechani- 
zation of farm tasks, perhaps we should reconsider the basic 
factors influencing the economics of haymaking. When ideal 
weather conditions prevail, it is generally conceded that al- 
most any farmer can make good hay. But it is also true that 
the best farmers have difficulty saving a crop when weather 


F: generations hay has been one of the most important 


conditions are unfavorable at a time when the hay is at the 


proper stage for cutting. 

Let us first consider what conditions are necessary in order 
to assure good quality. B. A. Jennings (Cornell University) 
found as a result of his bin tests that hay, the moisture con- 
tent of which was reduced below 20 per cent in not more than 
3, days, had good quality and was free from visible mold. 
These tests were made with small variations in the environ- 
mental conditions, i.e., normal weather for the time of the 
tests. Consider now what happens if some other conditions 
are produced artificially. 

Fig. 1 gives an idea of the effect of temperature on the 
time required for visible mold to form on hay. This curve 
applies only to hay of high moisture content. It should be 
noted that change of moisture content has an effect similar to 
that which results from change of temperature, i.e., as drying 
progresses the time required for mold growth increases. The 
curve indicates that when the temperature of the hay is from 
80 to 90F (degrees Fahrenheit) the drying process must be 
completed in less than two days if mold is to be avoided. A 
test was made by the agronomy department of Cornell Uni- 
versity (June, 1946), starting with baled hay having about 65 
per cent moisture. This hay was put on a duct system and air 
at about 140F was applied from a furnace. Air leaving the 


This paper was presented at the Third Barn Hay-Curing Confer- 
ence sponsored by the American Society of Agricultural Engineers at 
Chicago, Ill., December, 1946. 


C. W. Terry is research associate in agricultural engineering, Cor- 
nell University. 
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hay had a temperature in the range of most rapid mold growth 
and since drying was not complete in two days, a large amount 
of mold resulted. With temperatures greater than 100 F or less 
than 70F the allowable time for curing increases rather rapidly. 

We recognize that low temperatures prevent spoilage in 
the case of most food products. Therefore, one could conclude 
that hay of high moisture content might be kept in cold stor- 
age; however, the value of the crop would not justify such a 
procedure. Temperatures greater than 120F kill most molds, 
therefore heat may be used to prevent their growth. However, 
in order to have a temperature this high while evaporation is 
in progress, there must be a much higher inlet air temperature 
(approximately 290F). This results in complex problems of 
construction and operation, as well as in reduced thermal effi- 
ciency. For these and other reasons the high-temperature de- 
hydrator is not likely to come into common farm use. 

The bacteriologists tell us that we may prevent mold by 
subjecting the hay to a temperature greater than 125F for a 
short time only. Perhaps we should design a hay pasteurizer. 
If so, we should go all the way and use a temperature that 
will kill the bacteria, too, and thus reduce the respiration loss- 
es. But again it is doubtful whether such a process would be 
economical. 


Field curing should be used as far as possible. In order to 
remove the moisture from hay, heat must be supplied for its 
evaporation. Regardless of the source of heat, about 1000 Btu 
are required to evaporate each pound of water. 

To reduce the original moisture content of hay from vari- 
ous percentages to that necessary for safe storage requires re- 
moval of water in amounts shown by Fig. 2. 

It is interesting to note that reducing the moisture content 
from 75 to 60 per cent requires removal of as much water as 
is required to reduce it from 60 to 15 per cent. Unless there 
is possibility of considerable loss from rain, it is best to allow © 
hay to cure in the field to at most 35 to 40 per cent moisture 
content. During the early part of the summer (early June) 
it is difficult to judge the most economical time to put hay on 
a mow-curing system. In fact, there is good evidence to show 
that it is best to put this early cut crop in the silo. A few 
weeks later in the season field curing accomplishes results 
economically in most cases. Prolonged periods of rainy weather 


Fig. 1 (Left) The effect of 
temperature on the time re- 
quired for the formation of 
visible mold on hay e Fig. 
2 (Right) The weight ot 
water that must be removed 
to reduce the moisture con- 
tent of hay to 15 per cent 
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or unusual labor situations may change the situation to such 
an extent that a greater expenditure for power and heat may 
be justified. 


Load the mow finishing system frequently. In using a 
mow curing system the question arises as to whether it is best 
to load it every day or as often as possible with small quanti- 
ties of hay or to load it with larger quantities at less frequent 
intervals. 

Test results and theory indicate that the efficiency of the 
system will be improved if small quantities are loaded at fre- 
quent intervals. 

As the moisture content of the hay decreases, the rate at 
which water evaporates from the stems and leaves also de- 
creases. This is illustrated graphically by the curves of Fig. 3. 
All the curves show a rapid decrease in the evaporation rate 
as the moisture content is reduced. They show that the rate 
is greater during the day than at night. Also, a marked in- 
crease in evaporation rate can be obtained by use of supple- 
mentary heat. 

One concludes then that, if hay is put on a system in small 
quantities and at frequent intervals so that the top layer has 
high moisture content, the operating efficiency will remain 
high. Experience has taught that much power is wasted if 
dry spots occur before the moisture content of the remainder 
is low enough for safe keeping. 


Location of the air intake for hay driers. \t is stated in 
TVA Agricultural Engineering Publication No. 6 (Barn Hay- 
drier Design Installation and Operation) that “There is ample 
heat from the sun to furnish an adequate supply for a hay 
drier. In the Tennessee Valley area between the hours of 8 
a.m. and 5 p.m. on a clear day in August the sun supplies an 
average of 216 Btu an hour to each square foot of the earth’s 
surface. It varies from 151 Btu at 8 a.m. to a maximum of 
298 Btu at noon, and back to 72 Btu per hr per sq ft of sur- 
face at Sp.m. The problem is to collect this heat and transfer 
it to the air used in hay drying. It is a case in which the sup- 
ply is free but the cost of utilizing is high.” 

Tests were made to determine the variation in temperature 
and relative humidity on the four sides of the agricultural en- 
gineering laboratory building at Cornell University during the 
second week in August, 1946. On cloudy days there was little 
or no difference between the readings of the four hygrother- 
mographs. At night there appeared to be some difference, due 
probably to the wind direction and radiation of heat stored 
during the day. 
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Fig. 4 Reduction of fan or blower discharge as depth of hay 
on a mow-curing system increases 
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On days when the sun shone there was a marked difference 
between the charts. On the north side, which received very 
little sunshine, the temperature never rose above 83F and the 
relative humidity never went below 44 per cent, while on the 
south side the temperature in the sun was above 100F for from 
2 to 5 hr, and the relative humidity was below 35 per cent for 
2 to 6 hr on each of 5 days. On the east and west sides of 
the building the conditions were intermediate between the 
north and south sides. 


It is not expected that the air to a fan of 10,000 or 20,000 
cfm capacity would be affected by any such amount as shown 
by the figures above. It is reasonable to expect, however, that 
there would be an appreciable difference in the temperature 
and humidity, favoring the southern exposure, for on that 
side the ground, the side of the barn, and other materials re- 
ceive the direct rays of the sun and transfer some of this heat 
to the air which passes over them. 

For the ordinary installation there would be an area of 
several hundred square feet around the fan inlet that would 
affect the air temperature. For a fan capacity of 15,000 cfm 
an increase in air temperature of 1 F would increase the mois- 
ture absorbing capacity 16 lb of water per hour. 


When each square foot of area exposed to the sun’s rays 
absorbs so much heat, it would appear wise to take advantage 
of this heat in the mow-curing system. 


Respiration losses. Another source of heat for hay drying 
is the respiration process. If the moisture content is not re- 
duced rather rapidly these chemical and (or) bacteriological 
processes take place, resulting in a loss of dry matter. In case 
a blower or fan is being used the equilibrium temperature is 
quite low even though a considerable amount of heat is gen- 
erated. 


In order to evaluate the quantity of heat available from 
this source, it is assumed that the heating value of the dry 
matter is 6750 Btu per lb and that the processes by which it is 
consumed liberate 5000 Btu per lb, or about 75 per cent of the 
available heat. 
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Fig. 5 Increase in blower speed and input power required to maintain 


constant blower discharge as depth of hay increases 
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It should be kept in mind that this heat is by no means 
free. if the hay (with 15 per cent moisture) is worth $12 per 
ton, it makes rather expensive fuel. Coal has a heating value 
about twice as great as that of the hay, and either coal or oil 
would be less expensive in most instances, except for the extra 
equipment involved in its use. 


The gasoline engine as a source of power. A number of 
installations have used gasoline engines as a source of power. 
The cost of installation, maintenance, and the repair of such 
equipment is high. However, there are several advantages that 
offset the increased expense as follows: 


1 Gasoline engines are not subject to damage from over- 
load when driving fans or blowers. 


2 Speed of the fan or blower may be varied quickly and 
easily, thus making it possible to change the quantity and 
pressure of the air as desired. 

3 The heat given off by the cooling system of the engine 
and the heat from its exhaust may be entrained in the air, 
thus increasing the amount of moisture that will be evaporated. 


Assume that a 714-hp engine is required to furnish 24,000 
cfm for a mow-curing system. A gasoline engine supplying 


this power would give off heat at the rate of approximately 
85,500 Btu per hr. 


At 70 per cent efficiency this amount of heat would evapo- 
rate 57 lb of water per hr. 


Air at 70F and 65 per cent relative humidity will remove 
6lb of water per hr per 1000cfm, and 24,000 cfm will re- 
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Fig. 6 (Left) Graphical com- 
parison of two hypothetical 
mow-curing systems: No. 1 
Constant speed fan, no heat. 
No. 2 Constant blower dis- 
charge, with engine heat e 
Fig. 7 (Right) Curves for ob- 
taining the capacity of air 
for moisture under different 
atmospheric conditions. (As- 
sume relative humidity will 
be increased to 90 per cent) 
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move 144 lb of water per hr. Thus there would be 57/144 


= 0.39, or 39 per cent increase in evaporation rate due to heat 
from the engine. 


There are probably many instances where this extra heat 
would pay for the extra expense and trouble of the gasoline 
engine. 

C. E. Frudden in his paper, entitled “Factors Controlling 
Rate of Moisture Removal in Barn Curing Systems’’, in AGRICUL- 
TURAL ENGINEERING for March, 1946, includes curves showing 
estimated decrease in the amount of air leaving the top of the 
mow as the depth of hay is increased. He also gives curves 
that show the variation in discharge pressure with increased 
depth. 

If a fan or blower is run at constant speed, the actual dis- 
charge decreases as the pressure increases. Using curves de- 
veloped by blower and fan manufacturers and curves of re- 
sistance to air flow through the mow similar to those in Mr. 
Frudden’s report, one finds that the fan or blower discharge 
decreases as shown in the curves of Fig. 4. 


If as mentioned in the discussion above one uses a gaso- 
line engine to drive the blower, he may vary the speed and 
thus maintain constant discharge over a wide range of operat- 
ing conditions. Again one may use blower characteristic curves 
and curves of flow through the mow to calculate the variation 
in speed and power required to give constant discharge (cfm 
per sq ft) as shown in Fig. 5. 


In actual use of a gasoline engine probably neither con- 
stant speed nor constant quantity would give most economical 
operation. But there is an advantage in being able to increase 
or decrease the blower discharge at will. When conditions for 
field curing are good, the blower may be operated at redueed 
speed to provide only a small amount of final evaporation. 
Under adverse weather conditions the blower may be speeded 
up to the capacity of the engine. This would result in in- 


TABLE 1. EXAMPLE NO. 1 


Pounds 

Pounds Pounds of water evaporated of water 

Weight Pounds Temper- water per remaining 

of hay Per cent’ to be Feet Depth, ature, Relative hr per Efficiency By (above 15 

Day added, lb moisture removed added foot F humidity 1000 cfm Cfm factor By air respiration Total per cent) 
0 28330 40 8330 4.7 4.7 8330 
1 77 70 5 16000 0.83 1590 100 1690 6640 
2 26160 35 6160 4.7 9.4 W7 70 5 16000 0.83 1590 200 1790 11010 
3 79 60 8 13300 0.71 1810 400 2710 8800 
4 26160 35 6160 4.7 14.1 79 60 8 13300 0.71 1810 600 2410 12550 
5 78 65 6.5 11800 0.62 1140 800 1940 10610 
6 28330 40 8330 4.7 18.8 78 65 6.5 11800 0.62 1140 900 2040 16900 
7 80 63 7.2 10600 0.52 950 1000 1950 14950 
8 80 63 7.2 10600 0.52 950 1000 1950 13000 
9 80 58 8.8 10600 0.52 1160 1000 2160 10800 
10 80 58 8.8 10600 0.52 1160 1000 2160 8680 
il 78 65 6.5 10600 0.52 860 900 1760 6920 
12 78 65 6.5 10600 0.52 860 700 1560 5360 
13 80 63 7.2 10600 0.52 950 400 1350 4010 
4 80 63 7.2 10600 0.52 950 300 1250 2760 
15 82 58 9.0 10600 0.52 1190 200 1390 1370 
16 82 58 9.0 10600 0.52 1190 100 1290 80 
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Fig. 8 (Right) Specific fuel 
consumption curve for a 
gasoline engine operating a 
fan or blower for a mow- 
curing system e Fig. 9 
(Extreme right) Approximate 
variation in per cent of air 
leaving the top of the mow 
as the depth of the hay is 
increased 
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creased air flow and increased supplementary heat, both of 
which accelerate drying. 


By varying the blower speed in this manner the farmer 
may meet the needs of the season and at the same time use a 
minimum of power and heat. 


Two examples are given here to illustrate the effect of the 
various factors on rate of curing. If the moisture content of 
the hay is not reduced to something under 20 per cent in the 
time indicated by Fig. 1, the quality of the hay is likely to be 
inferior. 


Example No. 1: (See Table 1). Mow floor area = 1000 
sq ft; propeller-type fan with constant-speed (electric-motor) 
drive. Design is such that the fan delivers 16 cfm per sq ft 
at 3% in of water static pressure. All design features are in ac- 
cordance with generally accepted good practice. The fan in- 
take is on the north side of the barn. 


Hay is loaded on the system every other day, each batch 
adding something over 4 ft depth (10 tons of hay with 15 per 
cent moisture). The first and last batches have 40 per cent 
initial moisture and the other two 35 per cent. The total 
weight of dried product is 40 tons. 

The fan is started immediately after the first loading and 
is run continuously until all hay is dry. 

Respiration loss is assumed to start immediately, reach 
maximum rate after 7 days, and then decrease as the hay be- 
comes dry. 


Example No. 2: (See Table 2). Mow floor area = 1000 
sq ft; centrifugal-type blower driven by a gasoline engine. 
Speed is controlled to give 16 cfm per sq ft under all condi- 
tions. All design features are in accordance with generally ac- 
cepted good practice. The fan intake is on the south side of 
the barn. Heat from the engine exhaust and cooling system 
is used. 


Slightly more than two feet (5 tons, 15 per cent product) 
are put on the system every day until the same total quantity 
as in Example No. 1 is in the mow. All hay has an initial 
moisture content of 40 per cent. 


The blower is started immediately after the first loading 
and is run continuously until all hay is dry. 


PERCENT 
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It is assumed that the use of engine heat accelerates the 
drying enough to prevent respiration losses. 


For calculating the capacity of the air for moisture two- 
day averages of temperature and humidity were taken, and 
pounds of water per hour per 1000 cfm were obtained from 
Fig. 7. 

Fan discharge quantities for Example No. 1 were taken 
from Fig. 4. 


Engine speed and horsepower for Example No. 2 were 
taken from Fig. 5; fuel consumption from Fig. 8. 


Efficiency factors were taken from Fig. 9. 


Hay density was assumed to be 470 cu ft per ton (at 15 
per cent moisture). 


Figs. 4, 7, and 9 are based partly or wholly on information 
from C. E. Frudden’s report. 


Fig. 6 compares the performance of the two systems. It 
will be seen that, in Example No. 1, 10 days are required to 
bring the moisture content down to 15 per cent after the last 
hay is placed in the mow. In Example No. 2, the hay reaches 
the desired dryness in about 3 days after the hay is all in the 


mow. The main factors that cause this difference are as 
follows: 


1 By loading the system more frequently with smaller 


amounts of hay, the resistance to air flow is kept to a mini- 
mum at all times. 


2 Air taken from the side of the barn which receives the 
most sunshine contains “free heat”. Even though the tempera- 
ture difference is slight, this difference is important since it is 
heat that evaporates the moisture. It is not unreasonable to 
expect a 5 to 10 per cent increase in capacity due to this factor. 


3 Maintaining high blower discharge as the mow is filled 


helps keep up the capacity of the system when such capacity 
is needed most. 


4 Use of heat from the exhaust of a gasoline engine ap- 
pears to be a very practical idea. The tabulated figures for 


Example No. 2 show that heat from this source may well be a 
substantial percentage of the total. 


TABLE 2. EXAMPLE NO. 2 


Pounds 
of water 
Weight Pounds perhour 
of hay to be Depth, per1000 Pounds Blower 
Day added removed ft efm per hour rpm bhp 
0 14170 4170 2.4 
1 14170 4170 4.7 5.6 89.7 750 3.2 
2 14170 4170 7.0 5.6 89.7 830 4.3 
3 14170 4170 9.4 8.7 139 910 5.6 
4 14170 4170 11.8 8.7 139 990 7.0 
5 14170 4170 14.1 71 114 1060 8.4 
6 14170 4170 16.5 7.1 114 1125 9.8 
7 14170 4170 18.8 7.9 127 1190 11.3 
8 7.9 127 1250 12.8 
9 9.9 158 1250 12.8 
10 9.9 158 1250 12.8 


All hay has 40 per cent initial moisture. 
Fan discharge is maintained at 16000 cfm. 


Pounds Pounds 
per hour Pounds of water 
from Total evapo- rem iining 
Heat engine pounds Efficiency rated (inexcessof 
S.F.C. recovery heat per hour factor (24 hr) 15p°rcent) 
4170 
1.0 0.88 51.5 141.2 0.90 3050 6290 
0.88 0.85 58.5 148.2 0.83 2960 6500 
0.82 0.84 70.5 209.5 0.77 3870 6200 
0.77 0.83 82 221 0.71 3760 7210 
0.74 0.82 85 199 0.66 3150 §230 
0.71 0.81 103 217 0.62 3230 9170 
0.68 0.80 112 239 0.57 3270 10970 
0.66 0.79 122 249 0.52 3110 6960 
0.66 0.79 122 280 0.52 3500 3150 
0.66 0.79 122 280 0.52 3500 


Air temperature is 1F higher than for Example No. 1. 
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solutions of problems we do not fully understand. And 

in all matters not fully understood, our individual con- 
cepts may vary greatly. The approach that we make in our 
studies will depend upon our concepts of the problems we 
would solve. These concepts are expressed in our definitions. 
Because the type of approach we make depends upon these 
definitions, the research worker will often spend long hours 
developing them. Sometimes change in a definition will insti- 
tute 2 change in the research worker's approach. The defini- 
tion on which this approach to soil erosion problems is based 
is: “Soil erosion is a process of detachment and transportation 
of soil materials by erosive agents?.” 


G sss for research are obviously those which demand 


This definition describes the erosion process as consisting 
of two principal, sequential events. In the first event soil par- 
ticles are torn loose (detached) from their moorings in the soil 
mass and made available for.transport. In the second event, 
detached soil materials are transported. We cannot combine 
these two processes and express them as a single quantitative 
result, because they cannot be expressed in like units. The 
detachment process is expressed in terms of weight or vol- 
ume per unit area, such as tons per acre. The transportation 
process, on the other hand, must be expressed in terms of 
weight or volume moved through distance, such as ton-miles 
per acre. 


Not only is it necessary to treat soil detachment and trans- 
portation as independent variables in expressing the final 
results, but it is also necessary to carry this same breakdown 
into the detailed studies. For example, the erosive capacity 
of an agent is comprised of the two independent variables of 
(a) detaching capacity and (b) transporting capacity, and 
these must be studied separately. The same reasoning applies 
to the soils. When we study a soil’s erodibility, we must ap- 
proach the problem by studying its detachability and its trans- 
portability. Each of these factors may vary independently of 
the other. Some examples to illustrate these points will be 
cited. 


Detaching and Transporting Capacities of Erosive Agent. 
This first example is to illustrate how and why the detaching 
capacity and the transporting capacity of an erosive agent may 
vary each independently of the other. For this purpose let us 
consider some exploratory experiments the author once made 
on a soil bed consisting of a well-compacted clay. When sur- 
face flow containing only clear water was applied on the upper 
end of this clay bed, the clear water flow did not have suff- 
cient detaching capacity to cause much erosion on the well- 
consolidated clay, and the runoff was almost clear as it flowed 
off the lower end. 


When soil containing some highly abrasive fractions was 
injected into this flow at the point where it flowed onto the 
clay bed, this increased the detaching capacity of the flowing 
surface water and greatly accelerated the erosion. To increase 
the amounts of soil injected into the flow will also cause an 
increase in the detaching capacity of the flow, and at the same 


This paper was prepared expressly for AGRICULTURAL ENGINEERING. 


W. D. ELLison is assistant chief, Division of Drainage and Water 
Contro! (Research), Soil Conservation Service, U.S. Department of Ag: 
ticulture, Washington, D. C. 
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*Soil Detachment and Transportation, “Soil Conservation,” Febru- 
ary, 1946, vol. 11, no. 8, p. 179. 
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Soil Erosion Studies — Part I. 
By W. D. Ellison 


MEMBER A.S.A.E. 


time it will decrease the transporting capacity. The amounts 
of soil added can be increased until approximately all of the 
transporting capacity of the flow will be absorbed in transport- 
ing the injected soil, and there will then be very little erosion 
on the clay bed because of a lack of transporting capacity. 


Now to review: When only clear water was applied, there 
was maximum transporting capacity and minimum detaching 
capacity, and very little erosion. On the other hand, when the 
water applied was fully charged with soil, there was maximum 
detaching capacity and minimum transporting capacity, and 
again there was very little erosion. The maximum erosion will 
occur when the detaching and transporting capacities of the 
flow are balanced, that is, when the flow contains just enough 
abrasive materials to detach as much soil as the flow will 
carry. This condition of balance will change with each change 
in the soil’s erodible characteristics. Therefore, a condition of 
flow which is found to be most erosive on one soil may not be 
most erosive on another soil. 


Detachability and Transportability of Soils. A second ex- 
ample will illustrate the need for separating the factors of 
detachability and transportability of the soil when we study 
soil erodibility. Let us illustrate this with Table 1. In the left- 
hand column the soils are listed in the order of their detach- 
ability, with those most detachable at the top of the column. 
In the right-hand column the same soils are listed in the order 
of their transportability, with those of highest transportability 
appearing at the top of the column. 


TABLE 1. 
Detachability Transportability 
Fine sand Clay 
Loam Loam 
Clay Fine sand 


Clays in general have low detachability and high trans- 
portability. The reverse is generally true of sands. We would 
therefore say that most sands and clays are of low erodibility 
—but for entirely different reasons. The clay is of low erodi- 
bility because it is difficult to detach. The sand is of low erod- 
ibility because it is difficult to transport. Control of the de- 
tachment and transportation processes will often require dif- 
ferent types of erosion control practices. Therefore, we cannot 
apply control practices most effectively until we have studied 
the detachment and transportation separately; and we must 
know whether the soil’s detachability or its transportability 
tends to limit the soil erosion process. 


Soil erosion occurs when an erosive agent is applied to an 
erodible soil. We can check the erosion process by using what 
we commonly refer to as erosion-control practices. Each of 
these practices will tend to reduce either the soil detachment 
or the soil transportation, or both. To evaluate an erosion- 
control practice fully we must evaluate its effects on the de- 
tachment and transportation processes separately. 


Raindrops and Surface Flow as Separate Erosive Agents. 
As we have indicated above, it has been found necessary to 
treat falling raindrops and flowing surface water as separate 
erosive agents. The energy of the falling raindrops is applied 
vertically downward at velocities ranging up to more than 30 
feet per second. The surface flow, on the other hand, is ap- 
plied horizontally, usually at velocities of not more than a few 
feet per second; and on the smooth surfaces of the land, out- 
side the rills and gullies, velocities of surface flow are usually 
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less than 14 foot per second. These great differences in veloci- 
ties and direction of application of their energies suggest that 
the impact of falling raindrops and the scouring action of sur- 
face flow will produce widely different results on the soil. And 
they do. 

Because of the floating action of the surface water, and 
because it acts parallel to the surface of the soil, it should be 
expected that this agent will be very effective in transporting 
soils downslope. The falling raindrops, on the other hand, 
which are usually applied almost perpendicularly to the surface 
of the land, should be expected to have maximum effect on soil 
detachment and to have little direct effect on soil transporta- 
tion. There will be an exception to this, of course, where the 
land is sloping and where the raindrops are driven in at an 
angle so that they do not strike perpendicularly to the surface 
but tend to splash most of the soil in a single direction. Ex- 
perimental results have shown that on a 10 per cent slope, 
where the raindrops fall without wind, three-fourths of the 
soil splashes move in downhill directions, while about one- 
fourth move in uphill directions?. This action causes rain- 
drop splashes to transport soil off a field. It will cause them 
to beat down a hilltop by splashing most of the soil toward 
the valley bottoms, just as they beat down large sand piles by 
bouncing most of the sand in down-slope directions. 


Detachment and Transportation Hazards. After we have 
evaluated all the factors that affect soil detachment, we must 
be able to sum these up and determine the probable net results 
of all these factors working together. This net result may be 
referred to as the soil detachment hazard. When a soil is 
highly detachable and one or more of the erosive agents has a 
high detaching capacity, there is a large soil detachment haz- 
ard. This hazard may be effectively reduced with the proper 
soil erosion control practices. 


HIGH SOIL TRANSPORTATION HAZARD 

This same line of reasoning applies to the transportation 
hazard. We must be able to sum up all the factors that affect 
soil transportation, and determine their net results. If the soil 
is highly transportable, and one or more of the erosive agents 
possesses high transporting capacity, there is a high soil trans- 
portation hazard. This hazard too may be effectively reduced 
through proper use of soil erosion control practices. 

In order to design the most effective soil erosion control 
practices, using these methods, we must be able to evaluate 
the end results of all of the factors affecting each of the soil 
erosion hazards. For example, to check soil detachment effec- 
tively we must be able to determine the resultant of all of the 
factors affecting the detachment process and bring them into 
near equilibrium with erosion control practices, so that the 
rate of soil detachment will approach zero. The same must be 
done with the factors that affect soil transportation. 

The resultant of the principal factors which affect soil de- 
tachment and its transportation may be summed up for any 
point on a field. Several types of units could be used in such 
an expression. One way of doing this will be shown for the 
detachment process. It is based on determining how many 
units of soil will be detached by one unit of detaching capac- 
ity, and then determining the total units of detaching capacity 
of the erosive agent. These are then summed up and the mag- 
nitude of the detachment hazard is shown by this formula: 
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This equation includes only the soil and the erosive agent, 
If we introduce an erosion control practice which will reduce 
the soil detachment, this will serve as a resistance to reduce 
the detachment process, and so we may divide the right-hand 
side of the above equation by a resistance value, R. As the 
effectiveness of a control practice is increased, the value of R 
is increased, and the detachment hazard is made to approach 
zero. To make practical use of this equation, we must evalu- 
ate (1) the soil’s detachability, (2) the agent’s detaching ca- 
pacity, and (3) the resistance to detachment of each erosion 
control practice. 

This same type of equation can be applied to the transpor- 
tation process. The transportation hazard will be a function 
of the transportability of the soil materials and the transport. 
ing capacity of the erosive agent. And here, too, we introduce 
a resistance factor R to impede the transporting agent and 
reduce the transportation hazard. 


Problems in Application. In practical farm work it is 
never possible to keep all of the factors which affect these 
hazards in such a state of balance as will eliminate all soil 
erosion the year round. We invariably find it necessary to 
permit a certain amount of soil detachment and transporta- 
tion almost the year round. This is especially true with crops 
that do not have closed canopies. Again during times of seed- 
bed preparation and planting there are usually some erosional 
hazards associated with most of our crops. The amount of 
action that we can tolerate in either of these hazardous pro- 
cesses will vary. It will vary with the soil type and with other 
conditions. In most sandy soils, for example, we shall want 
to keep detachment at a very low level because when sandy 
soiis are detached and set in motion, they may lose most of 
their organic matter and nutrient materials. 


DETACHMENT AND TRANSPORTATION HAZARDS 

There are many things to be considered in deciding on how 
large a hazard we can tolerate in each of the detachment and 
transportation processes. For example, when soil is detached 
in the erosion process, the surface water is made muddy and 
this mud interferes with infiltration. Therefore, when infiltra- 
tion is inadequate, we make a special effort to maintain a 
very low detachment hazard. Another important considera- 
tion when deciding on how large a detachment or, transporta- 
tion hazard can be tolerated is the matter of their interrela- 
tionships. If we find a high transportation hazard at some 
point on a field, one which cannot be effectively reduced, we 
must then reduce the detachment hazard, remembering that if 
soil is not detached it cannot be transported. That is what we 
do when we keep steep hillsides in permanent grass; and when 
we apply mulch to steep cuts and other steep areas where the 
transportation hazard is high, we reduce the detachment haz- 
ard. On more level areas the transportation hazard is smaller 
and a higher detachment hazard can be tolerated, for we know 
that much of the detached soil will not be carried off the field. 
On some fields there may be a very high detachment haz- 
ard which cannot be effectively reduced while growing culti- 
vated crops. In these areas we find bench terraces tending to 
develop on each contour line where a ridge or buffer strip 
checks the downslope movement of water. Here the tra \spor- 

tation hazard must be maintained at a very low level. 
It is necessary to treat the impact of falling raindrops and 
the flowing surface water as separate erosive agents and to 
evaluate them separately when determining the ¢:tach- 


Son. DETACHED = (Sort’s DETACHABILITY) X (AGENT'S DETACHING Capacity) Ment and transportation hazards. Some work ws fe- 


(This is the Units of soil detached 
detachment by one unit of the capacity of the erosive 
hazard) erosive agent's de- agent 
taching capacity 
*Studies of Raindrop Erosion, AGRICULTURAL ENGINEERING, April 
and May, 1944, vol. 25, no. 4, pp. 131-136, and no. 5, pp. 181-182. 


Total units of detaching 


ported on methods of doing this in previous papers?”. 
Additional methods have since been developed an. some 


of these will be discussed in papers to follow in later 
issues. 


®Two Devices for Measuring Soil Erosion, AGRICULTURA! ENGI 
NEERING, February, 1944. 
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Some Permeability Characteristics of Saline 
and Alkali Soils 


By J. E. Christiansen 


MEMBER A.S.A.E. 


connection with drainage and reclamation of saline 
and alkali soils is capacity to transmit water. Recla- 
mation necessitates leaching to remove excess salts, and often 
to bring about an exchange of calcium for sodium. The suc- 
cess of drainage and leaching operations is dependent upon 
the permeability of the soil and subsoil materials. 
Permeability is the rate at which a fluid will move through 
a porous medium under standard conditions. The simplest ex- 
pression for defining permeability is the “Darcy” equation 1** 
whicli may be written: 


O= of the soil characteristics of special importance in 


PAH 
Q = —. {1] 
i 
dh 
or q = P— {2} 
dl 


where Q is the flow (volume per unit time), P is the Darcy 
permeability coefficient, A is the cross-sectional area of the 
soil column, H is the difference in hydraulic head between the 
two ends of the column, and L is the length of the column. 
In equation [2], g is the flow per unit area, and dh/dl is the 
hydraulic gradient. In these equations, P is a proportionality 
factor which has the dimensions of velocity, i.e., LT-1.. Here- 
after, P will be referred to as the “permeability”. It is pro- 
portional to the acceleration of gravity and the density of the 
fluid, and inversely proportional to the viscosity. For non- 
colloidal materials, it is a function of the square of the aver- 
age linear dimension of the capillary pores through which the 
flow occurs. This can be expressed mathematically by the 


equation: 
D2 
P=f (*) [3] 
Bb 


where f indicates “function of”, D 
is the average pore dimension, g is 
the acceleration of gravity, p is the 
density of the fluid, and , is the 
viscosity of the fluid, Although var- 
ious combinations of these factors 
have been used as the permeability 
unit, P seems to be the most readily 
visualized and easiest to apply to 
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Fig. 1 Arrangement of apparatus for soil permea- 
” bility tests 


practical problems. Since P is a function of viscosity which 
is dependent upon temperature, it is necessary to correct to a 
standard temperature before comparisons can be made. Per- 
meability corrections for temperature are approximately 1.5 
per cent per degree Fahrenheit, or 2.5 per cent per degree Cen- 
tigrade. 

Permeability tests on soils have been made at the U. S. Re- 
gional Salinity Laboratory in connection with research dealing 
with irrigation and drainage problems, and with water spread- 
ing for storage underground. The methods and techniques 
used have varied with the specific problem. For example, for 
most irrigation problems, where it is a question of infiltration 
of 6 to 12 in of water into, and possibly through, the surface 
soil, a technique has been developed by Fireman® utilizing in- 
expensive equipment that can be readily constructed at any 
laboratory. In connection with studies on water spreading 
where long-time tests are desired, the author has used glass 
percolation tubes? of smaller cross-sectional area as permeam- 
eters which require less reservoir capacity and facilitate tests 
on highly permeable soils. Also in connection with this study, 
tests have been conducted on undisturbed soil cores 414 and 
5 in in diameter, and from 16 to 36 in in length’. These cores 
were provided with manometers so that the permeability of 
the soil at different depths could be determined. 

Description of Methods. For the studies reported in this 
paper, glass tube permeameters were used. The details of this 
method have been described elsewhere?:* so that they will be 
only briefly discussed here. The general arrangement is shown 
in Fig. 1, except that only 50 or 100g of soil were used for 
some of the tests. The soil is placed on a short column of 
quartz sand which in turn is supported on a fibrous glass or 
brass screen. The water level is maintained constant with a 
Mariotte siphon from a 5-gal supply bottle. Usually two or 
more permeameters are supplied from one bottle. For soils of 
low permeability, the simple expedient of inverting a 500-ml 
supply bottle over the top of the 
permeameter is sometimes used. 

The soils are air-dried, sieved 
through a 2-mm screen and poured 
into the permeameter through a 
14-mm (I.D.) glass tube which is 
rotated with a planetary motion to 
distribute the soil evenly as it is 
raised. The soil is settled to a fairly 
uniform density by dropping the 
tube on its point on a wooden block 
ten times through a height of 2.5 
cm. The length of the soil column 
is carefully measured, and this dry 
length of column is used in the per- 


ZCONSTANT WATER LEVEL 
PERCOLATION TUBE 


10 CC. SAND meability calculations. To avoid dis- 
FIBROUS GLASS turbing the soil during wetting, a 
ameeees small cork disk is dropped on the 
_ GRADUATE surface to cushion the effect of the 


falling water. The time for the soil 
to wet through and for dripping to 
commence is noted. The water pass- 
ing through the column is collected 
in graduate cylinders of appropriate 
size. Except for soils of unusually 
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Fig. 2 (Left) The effect of different methods of wetting on air entrapment and permeability of Hesperia sandy loam e Fig. 3 (Righ:) Effect 
of displacing the soil-air with CO, before wetting on the permeability of two soils 


low permeability, the initial permeability is determined from 
the time required for the collection of about 50 ml of water. 
For some tests, depending upon the detail required, all the 
water passing through the soil column is collected and meas- 
ured at daily intervals after the initial changes in permeability 
have taken place. When rates are so high that it is not con- 
venient to collect and measure all of the water, short-time 
tests of one-half or one hour’s duration are made daily. For 
convenience in comparing different soils, waters, or treatments, 
the calculated permeability, P, is usually plotted against time. 

General Characteristics of Soil Permeability. When long- 
time permeability tests are made on agricultural soils, charac- 
teristic permeability-time curves are obtained. During the first 
phase of the test, there is usually a decrease in permeability 
to a minimum somewhat below the initial rate. Depending 
upon the length of soil column and the characteristics of the 
soil, the permeability may continue to decrease for a few 
hours or for several days. During the second phase, the per- 
meability increases, sometimes reaching a maximum which 
may be many times the previous minimum. In one instance, 
this maximum permeability of a saline soil was about 100 
times the minimum, but ordinarily it is from 1.5 to 5 times as 
great. Occasionally this maximum, or peak rate, is less than 
the initial rate, but usually it is considerably higher. During 
the third phase, the permeability again decreases, sometimes to 
a very low rate. 

Although several investigators have shown permeability 
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effect of distilled water, tap water, and additions of mercuric chloride and calcium chloride on the permeability of a soil 


curves of this type, there appeared to be no satisfactory ex- 
planation in the literature as to why the permeability first de- 
creased, then increased, and again decreased. Field tests (ac- 
cording to unpublished data from H. L. Haehl, North Kern 
Water Storage District, Bakersfield, Calif.), in connection 
with water-spreading investigations, showed these same typi- 
cal permeability curves. As a result of research at this Lab- 
oratory, an explanation can now be given for this behavior. 
During the first phase, most saline soils tend to swell and 
disperse to some extent, as salts are removed and this results 
in a reduction in the effective size of the pores. This initial 
reduction in permeability can often be decreased, or com- 
pletely eliminated, by increasing the calcium content of the 
leaching solution with CaCl, or gypsum, CaSO,. The increase 
in permeability during the second phase has been found to be 
due to the gradual elimination of air entrapped in the soil. 
The air disappears as it is dissolved by the percolating water®. 
When tap water, which may be supersaturated with air as it 
leaves the faucet, is allowed to stand for a few hours and 
come to approximate equilibrium with the atmosphere, it will 
subsequently slowly dissolve the air entrapped in the soil. 
Measurements on one soil studied indicated that from 15 to 
35 per cent of the pore space was occupied with air when the 
soil was wetted. This air is completely immobilized and is 
removed only in solution. The air bubbles appear to occupy 
the larger pores and are very effective in reducing the permea- 
bility. The effect of different methods of wetting the soil is 
indicated in Fig. 2. Later tests? indicated that complete 
saturation could be obtained quickhy by displacing the 
air in the soil with COz before wetting. This usually 
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Fig. © (Left) Permeability-time curves for Gila soils of low to medium salinity with three waters of different salt content. 
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each treatment) e Fig. 7 (Right) Permeability-time curves for highly saline Gila soils with three waters of different salt content. 


(Curves are for one tube of each treatment) 


resulis in a rapid decrease in permeability of the soil during 
the first few days of the test, apparently due to instability of 
the pores. Typical permeability curves for two soils showing 
the eifect of air displacement with COz are shown in Fig. 3. 


The decrease in permeability during the third phase is due 
primarily to a sealing effect resulting from microbial activity. 
This decrease is undoubtedly going on from the beginning but 
becomes noticeable only after the air is eliminated from the 
system. Soils vary appreciably in their rate of sealing. Sur- 
face soils which contain more organic matter generally show 
more rapid sealing than subsoils. Undisturbed cores that have 
been studied show that the sealing is most pronounced in the 
surface soil and diminishes with depth, with relatively little 
sealing below 2 ft. When disturbed soils are studied, the seal- 
ing takes place uniformly throughout the column, as evidenc- 
ed by Fig. 4. For these tests a permeameter with side mano- 
meters was used so that the permeability of each section cf 
column could be determined independently. Recent work by 
Allison! confirms earlier tests with various disinfectants which 
indicated that microbial activity is primarily responsible for 
the decrease in permeability which occurs under prolonged 
leaching. The relative effects of distilled water, tap water, and 
additions of mercuric chloride, HgCl,, and calcium chloride, 
CaCl,, to the leaching solution are shown in Fig. 5. Although 
the addition of CaCl, increased the permeability, it apparently 
had no effect on the rate of sealing, whereas 20 ppm of HgCl, 
practically eliminated the sealing. 


Some Characteristics of Saline and Alkali Soils. Saline 
soils are those which contain a sufficient concentration of solu- 


ble salts to affect plant growth adversely. Soils having more - 


than 0.2 per cent salts are generally considered saline. The 
salts present in soils are principally the chlorides and sulfates 
of calcium, magnesium, and sodium. Occasionally appreciable 
concentrations of potassium salts or nitrates are found. Alkali 
soils have been distinguished from saline soils in that they are 
more alkaline, having a pH in excess of 8.51° due to the pres- 
ence of sodium carbonate, or a relatively high percentage of 
exchangeable sodium. Alkali soils do not always contain ap- 
preciable amounts of soluble salts. They are generally dispers- 
ed and usually have low permeabilities. It is difficult to draw 
a sharp line between alkali and saline soils, and no attempt 
to do so is intended in the above description. Gardner? has 
recent!y discussed the physical and chemical properties of so- 
dium soils and has presented some permeability data on sev- 
eral soils showing the effect of additions of gypsum. 


_The permeability characteristics of some saline and alkali 
soils have been determined for various specific purposes in re- 


cent experiments. A few of these will be used as examples to 
illustrate some of the permeability characteristics. 

Gila Soils from Arizona. Recently soil samples were secur- 
ed from an area along the lower Gila River in Arizona which 
is now irrigated with well water having salt concentrations 
ranging from about 2000 to more than 10000 parts per mil- 
lion. This area may be supplied with water from the Colorado 
River, and the question was raised as to whether the change 
to the lower salt water would cause difficulty in securing wa- 
ter penetration. Fireman and Magistad® have pointed out that 
the “permeability decreases greatly when the salt-concentra- 
tion is reduced following percolation with high-sodium water.” 
To obtain information on this point, some permeability tests 
were made on these samples, using synthetic well water of 
about 5000 ppm of salt, synthetic Colorado River water with 
about 800 ppm, and Riverside tap water which has about 280 
ppm. The five soil samples were from the 0 to 12 in depth 
in two alfalfa fields and three virgin areas. They were all of 
similar texture and classified as Gila fine sandy loam, or very 
fine sandy loam. Their salinity characteristics are given in 
Table 1. 

Two of the samples were very saline, and three were only 
slightly to moderately saline. Four of them contained suffi- 
cient exchangeable Na to be considered sodium soils, but none 
of them hada high pH, even on dilution. The analyses indi- 
cate that the soluble salt was predominately NaCl with the 
exception of R1892, where Ca and NO, ions predominated. 
The permeability of these soils is given in Table 2 and illus- 
trated in Figs. 6 and 7. 

The reason why soil R1891 (Fig. 7) did not seal as much 
as R1890 (Fig. 7) or R1893 (Fig. 6) when leached with tap 
water, in spite of the fact that it had more exchangeable Na, 
is due to differences in gypsum content. Analyses indicated 
that both R1890 and R1891 contained some gypsum, whereas 
R1893 did not, and that R1891 had the largest amount. When 
sufficient gypsum is present to replace the exchangeable Na 
with Ca upon leaching, little or no sealing takes place during 
the first phase of the test. 


TABLE 1. CHARACTERISTICS OF GILA SOILS* 

Ke. x10° Total salt, Exch. Na 

Soil Field at 25Ct Yc (approx.) percentage 
R1889 alfalfa 458 0.19 22.5 
R1890 virgin 10373 6.5 39.0 
R1891 virgin 9709 yi 4 74.9 
R1892 virgin 706 0.25 1.4 
R1893 alfalfa 1123 0.45 17.2 


*Analyses by Rubidoux Laboratory, U.S. Department of Agriculture, 
Riverside, Calif. 


+Ke is the conductivity of the saturation extract in reciprocal ohms. 
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TABLE 2. PERMEABILITY OF GILA SOILS WITH 
DIFFERENT WATERS* 
Permeability, cm/hr at 75 F 


First Five days 
Soil Initial minimum Maximum after maximum 
With Synthetic Well Water 
R1889 0.72 0.72 1.47 ss weee ee 
R1890 0.51 0.50 0.62 0.46 
R1891 0.29 0.29 0:49 0.42 
R1892 1.47 1.37 1.46 1.12 
R1893 0.39 0.34 0.69 — «see 
With Colorado River Water 
R1889 0.43 0.41 1.08 0.85 
R1890 0.37 0.24 0.39 0.33 
R1891 0.24 0.24 0.47 0.37 
R1892 1.37 1.31 1.40 1.12 
R1893 0.24 0.09 0.57 0.34 
With Riverside Tap Water 
R1889 0.27 0.08 0.61 0.48 
R1890 0.30 0.043 0.19 0.17 
R1891 0.20 0.17 0.32 0.25 
R1892 1.14 ° 1.06 L253 1.02 
R1893 0.10 0.011 0.19 0.15 


*Mean values for triplicate tubes. 


Soils R1889 and R1893 were dried and resieved, and the 
permeabilities again determined with both Colorado River wa- 
ter and tap water. On this second run the permeabilities were 
appreciably higher, and essentially the same regardless of the 
water used in the initial tests. The permeabilities were con- 
sistently higher, by from 10 to 50 per cent, for the Colorado 
River water than for tap water. Base exchange analyses, after 
the initial leaching, indicated that the exchangeable Na had 
been reduced to less than 6 per cent in all cases and did not 
vary greatly for the different waters used. Although the per- 
meability of four of the soils was relatively low, there appear- 
ed to be little tendency for them to seal up when Colorado 
River water was used, although they did seal appreciably with 
tap water. Before conclusions can be drawn regarding the 
effect of the Colorado River water on these soils, field infiltra- 
tion tests should be made for comparison. 


The Salinity Laboratory is cooperating with the Utah Agri- 
cultural Experiment Station and local drainage districts in a 
drainage and leaching study of the Delta Area in Utah. This 
area, which is located about 150 miles southwest of Salt Lake, 
contains about 50,000 acres of irrigated land which receives 
its water supply from the Sevier River. Being on the lower 
end of the river system, the water is fairly saline, containing 
about 2,000 ppm salts, of which about 55 per cent is Na. 
Drainage is a limiting factor. Some of the soil is very saline 
and contains relatively high proportions of exchangeable Na 
and may, therefore, be classified alkali. Reclamation of these 
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Fig. 8 (Left) Permeability-time curves for Oasis soils of moderate salinity with two waters of different salt content. 
of each treatment) e Fig. 9 (Right) Permeability-time curves for oy saline Oasis soils with two waters of different salt content. Not 


tap water, reached a maximum permeability of 0.021 in 97 days and the duplicate reached a maximum 
are for one tube of each treatment) 
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TABLE 3. CHARACTERISTICS OF OASIS SOILS 
Depth, Kex10° Total salt, Exch.Na Gypsum 


Soil Field in at 25C* %(approx.) percentage 1 /A.F, 
697 alfalfa 0-12 778 0.38 14.6 0.2 
698 alfalfa 12-24 1340 1.4 20.0 17.8 
699 abandoned 0-12 7330 5.0 45.4 6.3 
700 abandoned 12-24 3810 3.5 42.6 218 


*Ke is the conductivity of the saturation extract in reciprocal o!ms, 


soils will depend to a large extent upon their permeability, 
which is known to be very low in some cases. Israelsen and 
Reeve® found that some of the Oasis clay soil was nearly im- 
permeable and that it was a very satisfactory material for 
canal lining to reduce seepage losses. 

This discussion is limited to the permeability characteris. 
tics of four samples from the Delta area which represent the 
first and second 12-in depths taken at two locations only a 
short distance apart, one in an alfalfa field which is moder- 
ately saline and the other an abandoned area which is highly 
saline. The soils at both locations are mapped as Oasis silty 
clay loam. Some of the characteristics of these soils are given 
in Table 3. 

The soluble salts in the saturation extracts are predomi- 
nately NaCl and Na,SO,. At the concentrations found in soils 
698-700, gypsum is not all dissolved in the saturation ex- 
tracts, but comes into solution on further dilution or leach- 
ing. Both subsoils had sufficient calcium from solution of 
gypsum to replace the exchangeable Na on leaching, but the 
surface soils did not. In the permeability tests, the soils were 
leached with both Riverside tap water and a synthetic Sevier 
River water, the results of which are given in Table 4, and il- 
lustrated in Figs. 8 and 9. (Continued on page 153) 


TABLE 4. PERMEABILITY OF OASIS SOILS WITH 
DIFFERENT WATERS* 
Permeability, cm/hr at 74 F 


Soil Initial First Maximum Five days 
minimum after maximum 

With Sevier River Water 

697 0.71 0.63 AF 0.69 

698 0.21 0.20 0.52 0.33 

699 0.045 0.041 0.25 0.17 

700 0.015 -.037 0.034 0.21 oeenee 
With Riverside Tap Water 

697 0.40 0.015 0.84 0.24 

698 0.16 0.09 0.30 0.22 

699 0.020 0.002 0.016 0.015 

700 0.013 -.030 0.019 0.11 0.09 


*Mean values for duplicate tubes. 
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Agricultural Meteorology: An Introduction 
By A. Nelson Dingle 


MEMBER A.S.A.E. 


agricultural engineers. upon seeing an article on meteor- 

ology in their professional journal, is this: How is this 
subject connected with my field and why should it be of suffi- 
cient interest to me to merit publication in AGRICULTURAL EN- 
GINEF SING? The answer is not simple. In fact, the author pro- 
poses to consume most of the space of this article answering 
that question. 

Briefly, one might say that meteorology is a physical sci- 
ence and agricultural engineering is the application of science 
to the solution of agricultural problems, hence the field of ag- 
ricultural meteorology is quite legitimately a form of agricul- 
tural engineering. 

In general, although agricultural meteorology has long 
been considered by meteorologists to be an important branch 
of weather science, it has not had much attention from agri- 
cultural scientists. There are a number of reasons for this. 
Meteorology is a relatively young branch of science in point 
of development, and thus until very recently it has had com- 
paratively little to offer professional agriculturists. The loca- 
tion of the corn and cotton belts, for example, is primarily 
a problem of agricultural climatology, but it was solved by 
practicing farmers long before the science of climatology had 
developed in this country. 

It might be said, therefore, that farmers did pretty well by 
cut and try, yielding to the pressure of economic and climatic 
forces to establish the agriculture of the nation without any 
aid from weather scientists. However, there seems now to be 
some question as to just how well the cut-and-try system has 
worked out, notably in the cotton belt and the “dust bowl” 
regions. The problems which have arisen because of the pro- 
tracted depletion of the soil in the South are of immediate 
concern. They should be solved correctly and quickly. The 
application of scientific knowledge and technique is the means 
of attaining the correct solutions promptly. The role of weath- 
et science is as important in these solutions as is that of soils, 
agronomy, or any of the other agricultural sciences, for weath- 
er is the universally limiting factor. 

Not only is it important that climatology be applied to 
problems which have arisen from misuse of land, but also the 
application of both climatic science and weather forecasting 
techniques to current practical problems of agriculture can be 
of considerable economic importance. It is with these consid- 
erations in mind that the author wishes to describe briefly the 
state of development of the science of agricultural meteor- 
ology. With the realization that weather science has tools 
which can be turned to the benefit of agriculture, agricultural 
scientists will be in a better position to assist in the applica- 
tion of those tools. 

The USDA Yearbook of Agriculture for 1941, “Climate 
and Man”, constitutes a very complete and excellent report on 
the state of development of meteorological science with re- 
spect to agriculture at that time. Since that volume was pub- 
lished, with the considerable impetus of wartime research and 
development, appreciable advance has been made. It is com- 
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Pisscates the first question which will occur to many 
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mon knowledge that World War II required the services of 
more meteorologists than had ever before been used in the 
field. It was necessary for these meteorologists to find solu- 
tions to problems never before encountered by weather men. 
The resulting program of research in all phases of meteorol- 
ogy was immense. For the most part, this wartime research 
was directed toward the solution of the problems of warmak- 
ing, but in meteorology as in other sciences the wartime de- 
velopments are in large part applicable to peacetime pursuits. 

Among other things the wartime research brought about an 
unprecedented use of statistical science in meteorology. This. 
is of particular importance to the development of climatology 
and long-range forecasting, the specific branches of meteorol- 
ogy which are probably most directly applicable to agriculture. 

Whereas the study of climate prior to the war was very 
slowly advancing from the generalized climatology of Képpen 
(1928), the requirements of war very soon made evident the 
necessity for a more detailed and statistically mature climatic 
science. K6ppen’s classifications of climate are based for the 
most part on five basic vegetative types. The classes are de- 
fined in terms of monthly means of temperature and precipita- 
tion with additional special classes for regions not adequately 
provided for by the basic definitions. Thornthwaite’s (1931, 
1933) index of precipitation effectiveness based on monthly 
means of temperature and precipitation represents another at- 
tempt to relate the basic meteorological elements to their 
vegetative products. Neither of these systems accounts for the 
distribution of temperature and precipitation within months. 

One of the basic concepts which has been contributed by 
statistical science is that which points out the meaninglessness 
of a simple mean in the absence of the frequency distribution 
from which it is derived. It need not be emphasized that, for 
agricultural purposes, simple monthly means of precipitation 
and temperature are of no great value. But if the mean for 
a given period is supplemented by some information about 
the frequency of occurrence of specific ranges of temperature 
and/or precipitation over a given more or less homogeneous 
area, some useful information is immediately forthcoming. 
From the frequency distributions, the probability of occurrence 
of a specified precipitation amount and/or temperature can bé 
computed. By the introduction of the time element, duration 
frequencies can be established and used in a similar way. For 
example, the probability of a 15-day drought occurring during 
the month of June over any specified region can be determin- 
ed from the duration-frequency distribution of periods with 
negligible amounts of rain. This then is approaching the point 
at which a farmer’s weather risk can be computed for a spe- 
cific crop. 

In agriculture there are always additional factors to ac- 
count for. Obviously the availability of weather-risk estimates 
cannot answer all the questions. The effect of weather anom- 
alies on insect pests and plant diseases, as well as that on crop 
yields becomes important (Hendricks and Scholl, 1943). To 
date surprisingly little is known about these aspects. One fact, 
however, is basic whether the consideration be entomological, 
pathological or purely agronomical: the weather is a primary 
variable and is probably the most important governing factor 
in the complex business of agriculture. 

Thus the statistical ideas upon which the science must be 
based have been brought forth, but relatively very little has 
been done by way of actual development of agricultural cli- 
matology along these lines. This lag is accountable to a num- 
ber of things. The bulk of data to be processed is large. The 
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required frequency distributions must be based on many hun- 
dreds of observations, and the stations providing the observa- 
tions should be closely spaced and well distributed over the 
area to be studied. A number of properly trained people must 
be employed to guide the work and to initiate and promote 
research leading to the application of the climatological find- 
ings to specific farm problems. Other needs such as funds and 
consultation with the best men in other agricultural sciences 
are apparent. 

The most promising source of the required consultation is 
the state agricultural colleges and the agricultural experiment 
stations. Funds are always a problem, but seldom an insoluble 
one. Federal cooperation is available (Sarle, 1946), both in 
terms of finances and in terms of assistance with the provi- 
sion and analysis of data by the punched-card method. Un- 
fortunately only a small number of properly trained meteorol- 
ogists are available for the supervisory work. This difficulty 
will disappear as men now in training become available and 
as the field produces a demand for their services. A’ program 
of in-service training for young scientists should be organized 
as early as possible in the life of any given unit. 

Small beginnings have been made at scattered points 
throughout the country. In Iowa work has been done prin- 
cipally on the occurrence of frosts. In North Carolina a “pilot 
project” designed to “determine successful substitute crops 
for cotton from the standpoint of climatic probabilities in part 
of the upper Piedmont area’ has been operative. One import- 
ant need is for a much more general and concerted attack on 
the research. The nature of weather is such that its continu- 
ity both in space and time is a major factor in judging its be- 
havior. This fact should emphasize the importance of estab- 
lishing a fairly complete climatology for the entire continent 
as a step in the process of developing a well-founded science 
of agricultural meteorology. 


LIMITED LONG-RANGE FORECASTING 


The science of weather forecasting has also advanced 
somewhat since the publication of “Climate and Man”. Of 
special interest here is the “experiment . . . in limited long- 
range forecasting” which has developed into the Extended 
Forecast Section of the U. S. Weather Bureau (Namias, 1943). 
From this group in Washington extended forecasts are sent 
out twice weekly for publication at the discretion of the re- 
gional offices of the Weather Bureau. The forecasts published 
on Tuesdays cover the period Wednesday through Sunday, 
and those published on Fridays cover Saturday through Wed- 
nesday. These particular periods and times of publication 
might not be the best possible for agricultural purposes, but 
a more important consideration is that these forecasts, cover- 
ing periods of 5-days’ duration and published the day before 
the beginning of the forecast period, are regularly available. 

Although the utility to agricultural industry of such fore- 
casts has long been recognized, to date relatively little has 
been done to apply the extended forecasts to the benefit of ag- 
riculture. Probably the greatest obstruction to the production 
of extended agricultural forecasts is the poor liaison between 
the agricultural and meteorological sciences. It is precisely this 
liaison which falls into the special realm of agricultural en- 
gineering. Since the agricultural engineer is trained both in 
agriculture and in physical science, he is the person best pre- 
pared to make the required adaptations. 

It is vital at this point to emphasize the essential differ- 
ences between the customary daily weather prediction and this 
longer period forecast. Of necessity the precision of forecasts 
is an inverse function of the time period over which they are 
projected. The 24-hour forecast is one based on a thorough 
consideration of the velocity and intensity of each storm and/or 
potential storm on the weather map. In short, it is taken from 
the forecaster’s prognostic chart, i.e., his best estimate of what 
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the weather map will be 24 hours hence. The extended fore- 
cast is an entirely different concept. It is based on a forecast 
of the large-scale features of the atmospheric circulation for 
the period in question. Such large-scale features actually (e- 
fine the areas of storminess, on the average, over the forec.st 
period. Thus the forecaster upon reference to his extended 
prognosis can predict the occurrence of above, below, and near 
normal mean temperature and precipitation for the peri: 4, 
without depending too heavily on his ability to foresee the diy 
to day behavior of individual storm centers throughout te 
period. 

The forecast of mean anomalies of weather elements, in 
conjunction with an estimate of the day to day behavior of 
individual storms, permits a prediction of both the total pre- 
cipitation for the period and its distribution throughout te 
period in a given locality. The same applies as well to te:- 
perature. To date precipitation and temperature are the prin- 
cipal weather elements treated; however, in a program design- 
ed to adapt the forecasts for agricultural uses it would be 
feasible to investigate the prediction of other quantities such 
as per cent of possible sunshine, occurrence of strong winds, 
etc., for regions where such forecasts may be desired. The im- 
portance of this type of information in the great agricultural 
areas of the nation is immediately apparent. During seedtime, 
haying, and harvest, the forecast of a dry 5-day period, or of 
two wet days followed by three warm and dry days, etc., etc., 
is of considerable utility and economic importance. The live- 
stock industry likewise, with lambing, shearing, and a multi- 
plicity of range-grazing problems which are directly associated 
with weather, has an obvious use for forecasts of this type. 


ACCURACY OF EXTENDED FORECASTS 


The question of accuracy of the extended forecasts is of 
immediate interest. During the six years that this type of 
forecast has been made on a routine twice-weekly schedule 
by the Weather Bureau, careful studies of the forecast verifi- 
cations have been made. These studies have revealed that 
although the forecasts are not perfect, they are appreciably 
better than chance. They span roughly one-third of the gap 
between pure chance verification and the best attainable score, 
i.e., if an arbitrary scale with chance at 50 and best possible 
at 100 is chosen, the extended forecasts rank about 67. Due 
to the fact that precipitation forecasts are more difficult than 
are temperature forecasts, the temperature forecasts generally 
verify somewhat better than do the precipitation forecasts; 
however, the history of the extended forecast method indicates 
a more rapid improvement of forecasts of precipitation than 
of temperature. 

There is reason to believe that the verification rank of ex- 
tended forecasts would be improved in the process of app|y- 
ing them to agriculture in specific areas. Again, as in the c.\se 
of climatology, it is a matter of adapting the forecasts to re!a- 
tively homogeneous areas, that is, regions practicing a u0i- 
form type of agriculture or regions of fairly uniform soil type. 
The Weather Bureau forecasts cover the entire contine:t. 
They outline on a broad scale, as suggested by the term “laze 
scale circulation’, the weather over the United States. In so 
doing the weather over the entire western half of the northe:n 
hemisphere is considered. It is not feasible for the organi: :- 
tion in Washington to give special attention to areas the s:e 
of counties or even individual states in its forecasts. Neither 
is it feasible for the regional offices of the Weather Bureau ‘0 
make special agricultural adaptations of the extended fo:e- 
casts. A special agency set up specifically to deal with agri- 
cultural meteorology is required if these services are to ¢ 
accomplished satisfactorily. 

An appropriate organization for this purpose would be ox¢ 
designed to meet the requirements of a single state or agrici!- 
tural region. This organization would (1) pursue a progra 
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of climatological research designed to meet the special agri- 
cultural problems of the area, (2) cooperate with agricultural 
experiment station personnel in the pursuit of all research de- 
signed to establish relationships between the several weather 
elements and the various elements of agriculture, and (3) 
adapt and apply such weather information and services as are 
available to the special farming problems of the region. 

In association with the state agricultural colleges, such an 
organization might provide employment for a limited number 
of promising students. An in-service training program would 
be necessary at the outset in order to provide sufficient num- 
bers of trained personnel. In view of the fact that the re- 
se.rch to be done involves every branch of agricultural sci- 
ence, it is difficult to estimate the importance and extent of 
he ultimate program. 


a 
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Permeability Characteristics 
(Continued from page 150) 


These soils are much more permeable to Sevier River 
water than they are to the tap water. The highly saline soils 
from the abandoned area are much less permeable than the 
soils from the alfalfa field. The subsoils in both instances are 
less permeable than the surface soils. This might not be true 
of field conditions where the subsoil is undisturbed. Other ex- 
periments have indicated that the subsoils in their undisturbed 
condition may be much more permeable than is indicated by 
tests on disturbed soil samples. Soil 700 when leached with 
both waters exhibited an unusual characteristic not frequently 
observed. After leaching started, the permeability increased 
appreciably during the first three to four days, more than 
doubling the initial rate. With tap water it then decreased 
slightly to the first minimum value before again increasing 
upon elimination of air. This first rise took place during the 
same period when a very decided decrease occurred in the 
permeability of the surface soil 697 with tap water. 

There was a similar slight increase in permeability of soil 
698. These initial increases may have occurred during the time 
the gypsum in the soil was being dissolved, and are possibly 
due to the exchange of Ca for Na in the exchange complex, 
and perhaps also in part to additional pore space resulting 
from the removal of the salt. Although the permeabilities of 
the saline soils with river water were quite low, there was no 
appreciable decrease in permeability during the first phase of 
the test as occurred with both surface soils when leached with 
tap water. 

SUMMARY AND CONCLUSIONS 

The tests reported emphasize (1) the effect of water com- 
position on soil permeability; (2) that soil permeability is not 
constant but changes appreciably with time; (3) that these 
changes are explainable. These and other experiments which 
have been conducted at the Salinity Laboratory reveal certain 
characteristics of saline and alkali soils. The influence of wa- 
te: composition on permeability of soils is very pronounced, 
but is generally overlooked when permeability tests are made. 
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Still greater differences would have been observed had tests 
with distilled water been included. 

These tests emphasize the importance of the composition 
of irrigation water used for field leaching purposes. The use 
of waters of very low salt content may result in soil sealing 
to such an extent that reclamation is not feasible, whereas a 
water of medium to high salt content might prove satisfac- 
tory. Amendments such as gypsum are very effective on some 
soils in preventing sealing, but are not required on others. The 
difference in permeability of a saline and non-saline soil when 
leached with a low salt water explains why saline areas fre- 
quently persist in a field and are not reclaimed by normal ir- 
rigation practices. The soils in the saline areas are of such 
low permeability that little water enters them during the time 
of contact, most of the water applied entering the more per- 
meable non-saline areas. Reclamation of these saline areas 
might be achieved if these spots were isolated and flooded for 
long periods. 

The changes in permeability that occur with time, and the 
effect of water composition, are both probably due to changes 
that occur in the dimensions of the pore space, D (equation 
{3]). When water is first applied, dispersion and swelling 
occur, resulting in a decrease in D. The water composition 
markedly affects this swelling and dispersion. The mean value 
for D increases again when the air entrapped in the larger 
pores is dissolved. Upon continued percolation, the products 


of microbial activity again seal some of the pores and de- 
crease D. 


Because the permeability is not constant, and there is an 
interaction between the water and the soil, there appears to be 
little advantage in trying to separate the factors making up 
the permeability, P, by eliminating those factors relating to 
the fluid. The assumption is frequently made that, if the per- 
meability coefficient includes only those factors relating to the 
porous medium, it will be universally applicable to any fluid 
such as water, oil, or gas. This is certainly not true for soils 
where small differences in water composition, which has neg- 
ligible effect on the density and viscosity of the fluid, marked- 
ly changes the pore structure and permeability. An over-all 
permeability factor such as the Darcy coefficient, P, is believ- 
ed to be the most useful for soils work. 
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Comparative Efficiency of Ensiling, Barn Curing, 
and Field Curing Forage Crops 


By R. E. Hodgson, J. B. Shepherd, W. H. Hosterman, L. G. Schoenleber, 


H. M. Tysdal, and R. E. Wagner 


he feed needed on every dairy farm. As a rule, the crops 

grown and harvested for roughage furnish feed nutrients 
at a lower cost than the home-grown grain crops. Since har- 
vested roughages make up a large part of the winter ration of 
the milking herd, the roughage should be of the highest qual- 
ity possible. High-quality roughage furnishes a greater part 
of the nutrients required by the dairy cow than low-quality 
roughage and, when high-quality roughage is fed, less supple- 
mental feed is needed. Quality varies greatly with the method 
of harvesting, handling, and storing the crop, and differences 
in quality reflect differences in feeding value that result from 
losses of feed nutrients during harvesting and storage. 

The milk-producing value of roughage depends not only 
on the kind of crop and its stage of maturity and condition at 
the time it is harvested, but also on the weather conditions at 
harvesting time, the harvesting methods used, and the manner 
in which the crop is stored. It is generally considered that for- 
age crops should be harvested at a relatively immature stage 
to produce roughage of the highest feeding value. Harvesting 
methods that permit getting the forage into storage with the 
least handling and in the shortest possible time conserve the 
most feeding value. Unfavorable weather (rain, high humidi- 
ty, and cloudy skies), slow, inefficient harvesting methods, and 
poor storage conditions increase the losses of dry matter and 
nutrients and lower the feeding value of the resulting rough- 
age. 

. Farmers generally have at their disposal three practical 
ways of harvesting and preserving the forage grown for the 
winter feeding period, namely, field curing the crop into hay, 
partial field curing followed by barn curing, and making the 
crop into silage. The method or combination of methods that 
will economically produce the highest quality feed with the 
least loss of nutrients should be used. The method favored by 
most farmers in a locality may vary with the locality and in 
some instances it may vary with different cuttings of the same 
crop in the same locality. 

Farmers do not have enough information about the effi- 
ciency of these three methods to guide them in choosing the 
best method. For this reason investigations were undertaken 
at the Agricultural Research Center of the U. S. Department 
of Agriculture to determine the relative efficiency of these 
three practical methods of harvesting forage for the winter 
feeding period. The investigations will be continued over sev- 
eral years to compare the efficiency of these three methods un- 
der the usual variations in weather conditions that come with 


Fetes crops furnish an important and essential part of 
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different seasons. This preliminary report describes the first 
year’s experiments and is made available to acquaint those in- 
terested with the trend of results in this important field of 
forage preservation. 


How Experiment Was Conducted. The first two cuttings 
of alfalfa, both of which contained about 15 per cent of Lad- 
ino clover, were harvested for this experiment in 1945. Yor 
each cutting the field was divided into several separate areas, 
each of which was subdivided into three long strips so as to 
provide comparable areas and forage to be harvested and stor- 
ed as field-cured hay, as barn-cured hay, and as silage. The 
crop was cut when the alfalfa plants were one-tenth to one- 
fourth in bloom and all three strips were cut at the same time. 
However, raking, loading, and storing operations for each 
method of harvest were performed when the forage was in 
proper condition for the method concerned. The forage was 
sampled as it was cut, to obtain a measure of the yield and 
composition of the crop. The yield and composition were also 
determined when the forage was taken off the field and put 
into storage, and again when it was taken out of storage for 
feeding. z 

The forage was cut with a tractor mower, windrowed 
with a side-delivery rake, loaded with a heavy-duty, double- 
cylinder loader, and hauled to storage on trucks. A record 
was kept of the labor and machinery required to harvest the 
crops by each method. The field-cured and barn-cured hays 
were stored in mows. The barn-cured hay was stored over a 
system of air ducts which delivered air over the mow floor 
and forced it through the hay for drying. The air forced 
through the mow to dry the barn-finished hay was heated for 
the first cutting but not for the second cutting. The silage 
from each cutting was made in a tight, smooth-walled cement 
stave silo with no preservative added’. The cutter was set to 
chop the forage in 4-in lengths. 

While the first cutting was being harvested the weather 
was generally favorable except for the last part of the period 
when about half of the field-cured hay received 0.66 in of 
rain. Good haying weather prevailed throughout the period 
when the second cutting was harvested. 

How Harvesting Methods Compared. The average mois- 


*Shepherd, J. B. How to put up wilted grass silage. U.S. Bureau 
Dairy Industry, BDIM-Inf-38, 5 pp., 1946. (Processed) 


Fig. 1 Effect of method of harvesting and preserving on dry matter 


yield per acre of alfalfa 
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TABLE 1. LABOR AND MACHINERY HOURS REQUIRED IN 


HARVESTING AND STORING ALFALFA 
(Per ton of dry matter fed) Aiea timed 


and stored as 
Barn- Field 
Items compared cured cured 
Silage hay hay 
First-cutting alfalfa, 1945* 


Man-hours 4.95 4.45 4.51 
Tractor-hours (all operations) 1.39 1.34 1.86 
Mower-hours (tractor operated) 0.50 0.52 0.58 
Rake-hours (tractor operated) 0.43 0.50 1.00 
Loader-hours (truck drawn) 0.61 0.51 0.44 
Truck-hours (loading, hauling, unloading) 1.81 1.33 1.16 
Silo-filler-hours (tractor operated) 0.46 

Hay-hoist-hours (tractor operated ) 0.33 0.27 
an-operation-hourst 13.3 
supplemental-heat-hourst 12.4 

Electricity (kilowatt-hours) 71.6 

Second-cutting alfalfa, 1945** 

Man-hours 4.76 $.15 4.58 
Tractor-hours (all operations) 1.32 1.43 1.49 
Mower-hours (tractor operated) 0.48 0.50 0.52 
itake-hours (tractor operated) 0.36 0.43 0.63 
Loader-hours (truck drawn) 0.47 0.42 0.54 
Truck-hours (loading, hauling, unloading) 1.56 1.41 1.34 
Silo-filler-hours (tractor operated) 0.48 

Hay-hoist-hours (tractor operated) 0.50 0.33 
Fan-operation-hourstt 25.6 
Electricity (kilowatt-hours) 83.7 


*Harvested May 14 to 18. Yield of standing crop, 0.97 ton of dry 
matter per acre. 

+The type of fan available for use with the first cutting was not well 
suited for mow drying. It delivered only 6 to 8 cfm per sq ft. 

tTemperature of air in main duct raised about 40 F above atmospheric 
temperature. 

**Harvested June 25 to 29. Yield of standing crop 1.08 tons of dry 
matter per acre. 


++Fan delivered 15 to 16 cfm per sq ft at atmospheric temperatures and 
humidity. 


ture content of the field-cured hay when it was stored was 
21.7 per cent for the first cutting and 19.2 per cent for the 
second cutting. Both hays graded U.S. No. 2 alfalfa clover 
mixed. 

The barn-dried forage contained 37.3 per cent and 43.6 
per cent of moisture, respectively, for the first and second cut- 
tings, when it was taken off the field. The first cutting was 
placed in the mow to a depth of 5 ft and dried in 4 days with 
air that was heated to increase the temperature by about 40F 
(degrees Fahrenheit). The second cutting was placed in the 
mow to a depth of 9 ft and dried in 13 days with outside, un- 
heated air. The first cutting was dried down to an average 
moisture content of 10.5 per cent, and the second cutting to 
an average of 12.7 per cent, while on the drier. These hays 
graded, respectively, U. S. No. 2 leafy extra green alfalfa clo- 
ver mixed and U. S. No. 2 extra leafy alfalfa clover mixed. 

The forage made into silage by the wilting method con- 
tained 62.2 per cent of moisture for the first cutting and 60.6 
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per cent of moisture for the second cutting when ensiled. Both 
were classed as excellent in quality, with about 50 per cent 
leaves, a good aroma, and high palatability. 

The labor and machinery hours required to harvest and 
put the crop into storage are summarized in Table 1. Only 
the actual operating time of the various harvesting operations 
is included. 

Considering both cuttings, tractor, mower, and rake re- 
quirements were lowest for silage and barn-cured hay and 
highest for field-cured hay. Loader requirements were about 
the same for all methods. Truck requirements were lowest for 


. field-cured hay and highest for silage. Silo filler requirements 


were slightly higher than hay hoist requirements. Balancing 
these differences, equipment requirements for harvesting and 
storing were no higher for making wilted alfalfa silage or 
barn-cured hay than for making field-cured hay. Labor re- 
quirements per ton of dry matter as fed were about the same 
for silage and for barn-cured hay, and only slightly higher for 
both than for field-cured hay. 

Fan operation and supplemental heat used in barn drying 
constitute extra items and expense not required for silage or 
for field-curing hay. 

The differences in the dry matter yield of the forage made 
into silage, barn-cured hay, and field-cured hay for the two 
cuttings are shown in Fig.1. Averaging the results for the 
two cuttings shows that 92.5 per cent of the original crop 
used for silage was taken off the field and 82.0 per cent was 
fed. Compared with this, 85.5 per cent of the forage barn 
cured was taken off the field and 81.0 per cent was fed, while 
for the field-cured hay only 81.0 per cent was taken off the 
field and 76.5 per cent was fed. This represents 5.9 per cent 
and 7.2 per cent more dry matter available for feeding from 
barn-cured hay and wilted silage, respectively, than from field- 
cured hay. 


TABLE 2. PROTEIN CONTENT OF FORAGE HARVESTED AS 
SILAGE, BARN-CURED HAY, AND FIELD-CURED HAY 
(Dry matter basis) 


Cutting and sampling time Silage, Barn-cured, Field-cured, 

First cutting: per cent per cent per cent 
When cut 20.89 21.04 20.44 
When stored 19.46 18.59 17.66 
When fed 21.97 18.35 18.43 

Second cutting: 
When cut — 21.86 21.70 21.58 
When stored 21.34 20.81 18.56 
When fed 22.62 20.37 19.26 


The protein content of the dry matter of the two cuttings 
harvested the three different ways is given in Table 2. Aver- 
aging the results for the two cuttings shows that the silage 
when fed contained about 12 per cent more protein than the 
field-cured hay (on the dry basis), while the barn-cured hay 
contained only 2.7 per cent more protein than field-cured hay. 


Fig. 3 Indicated milk yields per acre from alfalfa when harvested on 

wilted silage, barn-cured hay, and field-cured hay. In addition, corn si- 

lage and concentrates were fed at the rate of 0.28 lb and 0.50 lb of dry 
matter, respectively, with each pound of alfalfa dry matter. 
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According to Fig. 2, which shows the changes in the yield 
of protein, this nutrient was saved much more efficiently by 
making the forage into silage. The silage method saved an 
average of 86 per cent of the protein of original crop for feed- 
ing, compared with 74 per cent for the barn-cured method and 
only 68 per cent for the field-cured method. Thus the protein 
loss was reduced by more than one-half by making silage. 


Results of Feeding Experiment. The three kinds of rough- 
age made from the second cutting were fed to milking cows, 
along with corn silage and concentrates, in a controlled feed- 
ing experiment. As shown in Table 3, the cows produced 
slightly more milk (3 per cent), gained more in live weight, 
and produced 100 lb of milk at a lower feed requirement 
when they received the alfalfa silage than when they received 
either kind of hay?. Except for a smaller gain in live weight 
on the barn-cured hay, the cows did about as well on one hay 
as on the other. The alfalfa silage was very palatable and the 
cows consumed as much dry matter from it as from the hays. 
The cows consumed 4.7 per cent and 2.0 per cent less alfalfa 
dry matter per 100 lb of 4 per cent fat-corrected milk pro- 
duced, on the wilted silage and barn-cured hay rations, re- 
spectively, than on the field-cured hay ration. 
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TABLE 3. COMPARATIVE VALUE or tHE SILAGE, BARN-CURED 
HAY aNnp FIELD-CURED HAY For MILK PRODUCTION 

Item Wilted si- 

lage ration 


Barn-cured Field-cured 


hay ration _ hay ration 
Milk production (4 per cent 


fat-corrected milk): 
Average per day, lb 32.8 31.9 31.8 
30-day decline, per cent 4.3 10.0 5.9 
Live weight, lb 


Average 1,097.0 1,084.0 1,087.0 
Daily gain 0.47 0.03 0.40 
Feed dry matter consumed per day, Ib: 
Alfalfa silage or hay 17.2 17.2 275 
Corn silage 4.9 4.8 4.9 
Concentrates 8.4 8.8 8.6 
Total 30.5 30.8 31.0 
Feed consumed per 100 Ib 4 per 
cent fat-corrected milk, lb: 
Alfalfa dry matter 52.4 53.9 55.0 
Total dry matter 92.9 96.5 97.4 
Total digestible nutrients 63.0 66.0 65.7 


When the difference in the losses of dry matter occurring 
with the three methods of harvesting and preserving the for- 
age (average for both cuttings) and the differences in the 


“ *Shepherd, J. B., Hodgson, R. E., and Sweetman, W. J. Compara- 
tive value of wilted alfalfa silage and alfalfa hay for milk production. 
U. S. Bureau Dairy Industry, BDIM-Inf-34, 6 pp., 1946. (Processed) 


Alfalfa silage ration Alfalfa hay ration 
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19,320 

17,200 a 16,200 

17,190 be 12,450 

18,790 : Pern 9,327 

18,075 

19,435 


23,165 


¥ International units. 
Cows were changed from good pasture to the silage or hay ration on November 9. 
Y coms were changed from silage or nay ration to good pasture on April 20. 


Fig. 4 (Left) Effect of method of harvesting and preserving on carotene in al! al- 
fa e Fig. 5 (Above) Effect of feeding wilted alfalfa silage or alfalfa hay with 
corn silage and concentrates on the vitamin A content of the butterfat 


milk production by cows fed the three roughages from the sec- 
ond cutting along with corn silage and concentrates are con- 
sidered together, it is shown in Fig. 3 that by making the crop 
into silage 12.5 per cent more milk per acre was obtained than 
when it was made into field-cured hay. There is an 8.1 per 
cent advantage for the barn-curing. method over field curing. 

The changes that occurred in the carotene content of the 
forage made into the three feeds are shown in Fig. 4. The 
carotene content of the silage when fed was much higher than 
either of the hays, for both cuttings. The two cuttings of 
barn-cured hay when fed averaged about twice as high in 
carotene as the field-cured hay. The first cutting of barn-cur- 
ed hay was much higher in carotene after drying than the 
second cutting. This was because heated air was used for the 
first cutting and the drying time was only about a third as 
long as for the second cutting when no heat was used.’ Im- 
portant losses occurred in the hay after drying was completed. 
The portion of first-cutting field-cured hay that was rained on 
had less than half as much carotene as the portion that was 
not rained on. 

The silage method is a good way to conserve carotene. 
The importance of saving this nutrient is indicated in Fig. 5 
which shows the vitamin A value of the butterfat produced 
by cows fed the first-cutting silage compared with other cows 
fed a good quality of U. S. No. 2 alfalfa hay. Both groups 
of cows received corn silage and concentrates in addition. The 
vitamin A value of the butterfat produced by the cows fed the 
alfalfa silage remained relatively close to the pasture level 
throughout the winter, whereas that produced by the cows ‘e 
the hay gradually decreased to less than half the summer lev- 
el. The cows that received the silage ration all winter did sot 
go off feed, but consumed large quantities of the silage and 
remained in good physical condition. 


SUMMARY 

The results of these studies, though preliminary, stron ly 
suggest that significantly larger amounts of dry matter, pro- 
tein, and carotene can be obtained by making forage into si- 
lage rather than by making it into either field-cured or bo'n- 
cured hay. In this experiment the silage had more value or 
milk production and produced milk of much higher vita: in 
A value than either kind of hay. These advantages were »b- 
tained with very little if any additional labor or use of : \a- 
chinery for harvesting and preserving the crop. The barn- ut- 
ing method, while not as efficient as the silage method, \ as 
considerably more efficient than field curing but required he 
additional expense of fan operation. These advantages of he 
silage and barn-curing methods might have been considera ly 
greater if rainy weather had occurred during the harvesting 
periods. 
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The Aims and Objects of Higher Education 


By Dr. A. A. Potter 


- 


have encouraged education in order that an educated 

electorate may be available to insure success for our 
type of government. American higher education has been in- 
fluenced partly by English patterns which stressed moral de- 
velopment, partly by French technical education which em- 
phasized professional competence, and mainly by German 
higher education where scholarship and research are the major 
ob:ectives. 


Pw its very beginning, the builders of this country 


It became evident early in the last century that American 
higher education, which concerned itself mainly with the clas- 
sical and traditional studies, did not prepare people to attack 
the national problems of agriculture, industry, and transporta- 
tion. The classical type of education, imported from Europe, 
had no relation to the resources of the country or to the oc- 
cupations and objectives of the great mass of the people. 
Thomas Jefferson, in the charter of the University of Virginia, 
in 1818, defined a university as ‘‘an institution in which every 
branch of knowledge useful at this day is taught in its high- 
est degree.” The practical vision of Thomas Jefferson was 
shared by few of his contemporaries. The people during the 
early.days of this republic knew little about science and its 
applications. 

The demand for scientific education to increase production 
in agriculture and industry resulted in the establishment of 
the Rensselaer Polytechnic Institute, at Troy, New York, in 
1824, to teach “the applications of science to the common 
purposes of life.” Launched as an agricultural school, the 
Rensselaer Polytechnic Institute, with the introduction of in- 
struction in civil engineering in 1829, was the first civilian 
engineering school in the English-speaking countries. 

In 1845, Jonathan B. Turner became active in Illinois, ad- 
vocating higher education for the industrial classes and the 
organization of industrial universities. Turner proposed, in 
1852, that Congress provide a land grant to each state for the 
establishment of industrial universities adequate to create and 
endow, in the most liberal manner, a general system of indus- 
trial education, “more glorious in its design and more benefi- 
cial in its results than the world has ever seen before.” 

The first Morrill Act of 1862, signed by President Abra- 
ham Lincoln, provided for the establishment of a comprehen- 
sive system of colleges to teach the applications of science. 
This act gave to each state 30,000 acres of public lands for 
each senator and representative to which it was entitled in 
Congress. The money derived from the sale of these grants 
was to constitute an endowment fund, the interest of which 
was to be used to support “at least one college, where the 
leading object shall be, without excluding other scientific and 
classical studies and including military tactics, to teach such 
branches of learning as are related to agriculture and the 
mechanic arts, in such a manner as the legislatures of the 
States may respectively prescribe, in order to promote the lib- 
eral and practical education of the industrial classes in the 
several pursuits and professions of life.” The institutions re- 
sulting from this act are known as “land-grant colleges.” 


\n address before the Agricultural Engineering Teaching Seminar 
sponsored by the American Society of Agricultural Engineers at Purdue 
University, Lafayette, Ind., August 30 to September 4, 1946. 


A. A. Potrer is dean of engineering, Purdue University. 


The success of the land-grant colleges may be traced to the 
provision for the creation of a permanent endowment through 
grants of public lands for the organization and support of 
these colleges, to the placing of an obligation upon the states 
to maintain intact the capital fund of the endowment, and to 
the emphasis upon “education of the industrial classes.” 

The first Morrill Act was followed by other legislation in 
the interest of the land-grant colleges. Outstanding examples 
of such legislation are (1) the Hatch Act of 1887, which pro- 
vided funds for agricultural research; (2) the second Morrill 
Act of 1890, which appropriated additional funds for the sup- 
port of instruction; (3) the Adams Act of 1906, which in- 
creased the appropriations for agricultural research, and (4) 
the Smith-Lever Act of 1914, which encouraged extension pro- 
grams in agriculture and home economics. 


The land-grant act had a most profound effect upon all 
types of education by changing the emphasis from language, 
logic, and philosophy to science, technology, and industry; 
from a verbalistic and speculative to a factual and useful edu- 
cation; from deductive to inductive reasoning, and from the 
accepted to the analytical process. 


The land-grant act has broadened the scope, objectives, 
and services of higher education. The colleges created under 
that act are not merely teaching institutions, but are also pub- 
lic service institutions: they serve not only the individual, but 
also the state, the nation, and the public at large. 

The land-grant colleges have developed on the part of the 
states a sense of responsibility for higher education of a practi- 
cal nature, and a realization that education is a developmental 
function of interest to the public, in which the state and the 
nation may cooperate. These institutions have perfected a type 
of education upon which is dependent the permanent welfare 
of the people. Agriculture, engineering, and homemaking form 
the basis of national prosperity and happiness. The majority 
of our leaders in agriculture and home economics are gradu- 
ates of land-grant colleges. Even in engineering, by far the 
largest number are graduates of these institutions. 


The land-grant colleges, which rest upon the foundations 
of state and national beneficence, realize that the stability of a 
democracy depends upon the prowess and qualities of the peo- 
ple. The type of education which is represented by these typ- 
ically American colleges, has strengthened the character of 
thousands of men and women by developing in them the 
power of scientific analysis, so that they are able to approach 
problems with an open mind, without prejudice and precon- 
ceived notions. All land-grant college curriculums have a dis- 
ciplinary value in teaching the student industry, seriousness of 
purpose, and the importance of useful service to humanity. 
Some of the studies have developed habits of accuracy, system, 
and thoroughness; other courses have instilled a love for na- 
ture and an appreciation of the responsibility of the individual 
to the community. The home economics curriculums have 
resulted in improving the homes of the nation by bringing 
about a greater realization on the part of young women of the 
nobility of homemaking as a career. 


In addition to the Morrill land-grant act, from which engi- 
neering education has received its greatest impetus, the follow- 
ing factors are significant: 

The American Society for Engineering Education (former- 
ly the Society for the Promotion of Engineering Education), 
founded in 1893, has been an important medium through 
which the development and improvement of engineering edu- 
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cation has been carried on. The self-appraisal of engineering 
colleges through the A.S.E.E. Investigation of Engineering 
Education from 1923 to 1927 and the Summer Schools for 
Engineering Teachers (1927 to 1933), which resulted from 
this study, have had a most beneficial effect in focusing atten- 
tion upon improving engineering curriculums, teaching meth- 
ods, engineering educational policies and practices, and co- 
operative relationships between the engineering colleges, in- 
dustry, and the engineering profession. Another report of the 
A.S.E.E. on Aims and Scope of Engineering Curriculums, pub- 
lished in 1940, has aided in encouraging the parallel develop- 
ment of scientific-technological and humanistic-social sequences 
in engineering programs of study. The A.S.E.E. report on 
engineering education after the war (1944) has been helpful 
in planning curriculums to prepare engineering graduates for 
courses in operation and management of industry, as well as 
for creative and scientific posts. Finally, the report of the 
A.S.E.E. Committee on Graduate Study (1945) has developed 
a perspective recognizing the growing importance of graduate 
study in engineering as preparation for the more creative 
careers. 

E.C.P.D. (Engineers’ Council for Professional Develop- 
ment), a functional body of the engineering profession, repre- 
senting the major engineering societies, has been helpful in 
enhancing the preparation, services, and standing of the engi- 
neer. The E.C.P.D. has appraised for the engineering profes- 
sion, through its Committee on Engineering Schools, the engi- 
neering programs of study of colleges and universities, and 
has set up a list of accredited engineering curriculums for use 
by government agencies, state licensing boards, industries, en- 
gineering societies, and educational institutions. Its inspection 
procedures have been helpful in improving entrance require- 
ments, curriculums, teaching methods, institutional physical 
plants, and have given administrative officers a better appreci- 
ation of the objectives of engineering education. The E.C.P.D. 
Committee on Selection and Student Guidance has been help- 
ful in improving the quality of those who enter upon the study 
of engineering, and its Committee on Professional Training 
has encouraged the young engineering graduate to continue 
his studies and his preparation for greater service to society. 


SCIENCE AND TECHNOLOGY A “MUST” 


The outstanding technological developments of the past 
eighty years have gone on simultaneously with a more general 
appreciation of engineering and scientific education. Recent 
war years have focused special attention upon science and 
technology supplying the type of knowledge that is essential 
to waging modern war. More science and more technology is 
an absolute “must” for a nation to maintain its place in a 
warlike world. Only more and better engineering and science 
can repair the damages of war; can make our country self- 
sufficient with regard to strategic materials; and can insure 
our people full employment and high living standards. 

Among the factors which are bound to influence in the 
future all types of higher education, particularly engineering 
education, the following are worthy of consideration: 


The junior colleges are growing in number, in importance, 
and in the character of their programs. The intensive war 
training programs on the college level, developed to train 
technicians and assistants to scientists, engineers, and produc- 
tion supervisors, have focused the attention of about one and 
one-half million people upon practical education of the tech- 
nical institute type. To what extent should colleges and uni- 
versities adapt their curriculums to the junior college and tech- 
nical institute type of program? 


Adult education has received a great impetus by the war- 


training programs and by the special schools conducted by 
our armed forces. To what extent are higher educational in- 
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stitutions making use of their interests in adult education to 
broaden and to afford advanced preparation to employed ol- 
lege graduates? 

American creative talent is largely responsible for the 
epoch-making inventions of the past century. The telegraph, 
telephone, electric light, airplane, sewing machine, typewriter, 
phonograph, cinema, harvester, reaper, cotton gin, safety ra- 
zor, fountain pen, camera, and at least one-half of the other 
great inventions of our times were made by Americans. All 
types of education, particularly engineering and Scientific cur- 
riculums, must equip the youth of our country with the tools 
of invention and must stimulate their creative efforts to de- 
velop new materials, machines, and processes to enhance hu- 
man comfort and to elevate living standards. The tools of 
modern invention are mathematics, science, and technology, 
and these tools, if kept at a high level of effectiveness, will 
not only result in greater inventiveness, but may even insure 
peace by convincing people the world over that scientific and 
technological knowledge is cheaper than mechanized warfare, 
and that a nation can obtain abundant life and self-sufficiency 
through research and invention much cheaper and safer than 
through banditry, treachery, and war. 


The high level of inventiveness of Americans may be traced 
to our Constitution which emphasized and idealized the rights 
of the individual above those of the State. Totalitarian gov- 
ernments, which restrict individual freedom and make men 
the tool of the State,.do not excel in inventiveness. 


AMERICA INDUSTRIALLY SUPREME 


The industrial supremacy of America and the high living 
standard of our people may be traced largely to the fact that 
for over 150 years this country has had the best government 
in human history — a government which encouraged its citi- 
zens to create more, to produce more, and to have more than 
any other peoples in the world—a government which has 
looked upon the making of profit with approval and which 
has given maximum encouragement to individual freedom and 
private enterprise — a government which is the agent and not 
the master of the people — and a government which exists to 
serve and not to dictate to its citizens. 

It is a major responsibility of all education to impress 
upon our people that our country’s future depends upon the 
extent to which the most able, the best educated and the clear- 
est thinking of our citizens interest themselves in good govern- 
ment. Our young people must be made to realize that their 
very existence and usefulness in their chosen life’s work de- 
pend upon the form of government under which they live and 
work. To have good government, all must be willing to give 
of their time and of their talents to insure that only those who 
are competent are elected to public office and are given full 
support to discharge their responsibilities. The best educated 
of our people must work for the enhancement of the An:cti- 
can way of life through good government. 

Finally, it must be realized that the best education and the 
most improved science and technology do not by themseives 
insure security, peace, and happy living in a world where 
human values are not fully appreciated and protected. Our 
world must be built upon law, honor, decency, and kindness, 
and not upon banditry, deceit, force, and sadism. The future 
of our civilization depends upon people who have the vision, 
wisdom, and knowledge to turn new scientific knowledge and 
education into devices and agencies which add to human !:ap- 
piness and which protect sanctity of all men and women. 

Higher education has a responsibility to develop well-cdu- 
cated people who are not only competent and creative, but 
who are also good and effective citizens — men and women 
who have character, who act nobly toward others, and who 
feel most for their fellow human beings. 
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Simplification in Dairy Production 
By Paul R. Hoff 


HIS paper is a progress report on simplification in dairy 

production, since the New York dairy project is still 

active. It can be divided into two parts: (1) the time 
and cost studies of different methods of handling hay, and 
(2) the simplification of dairy barn chores. The hay studies 
were started several years ago and since the year to year re- 
sults checked closely, it has not seemed necessary to carry it 
further except as changes in new equipment occur. Results of 
the hay studies have been presented to members of this society 
at several meetings by Dr. Ivan R. Bierly, of the agricultural 
economics department, who directs the Farm Work Simplifi- 
cation Project at the New York State College of Agriculture. 
The studies were made cooperatively by the departments of 
agricultural economics, agronomy, and agricultural engineering, 
at that institution. 

A previous farm management study*, which showed that 
about one-half of a New York dairyman’s time is spent doing 
barn chores, indicated a need for a study aimed at increasing 
labor efficiency in the dairy barn. Accordingly time and travel 
studies were made in 17 dairy barns during 1944. These 
studies revealed that three important factors affect the amount 


of time spent in milking, caring for the milk, and caring for 
the herd. 


This paper was presented at the fall meeting of the American Soci- 
ety of Agricultural Engineers at Chicago, IIl., December, 1946, as a 
contribution of the Farm Structures Division. 


PauL R. Horr is extension agricultural engineer, Cornell Universi- 
ty, Ithaca, N. Y. 


*Unpublished summary of farm cost account records in New York. 
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They were (1) the arrangement of the dairy stable and 
the location of the milk house, (2) the use of labor-saving 
equipment, and (3) developing a work routine so that the 
operator works while he walks and uses equipment as effi- 
ciently as possible. None of these factors are new, but the 
study emphasizes their importance in dairy barn efficiency. 

The arrangement of the dairy stable determines to a con- 
siderable extent the way in which work is done. It is the most 
inflexible of the three factors and the one which most farmers 
change only once or twice in a lifetime. It may determine the 
amount and kind of labor-saving equipment that can be used, 
as, for example, wide cross alleys are necessary to allow the 
use of ensilage carts. Arrangement also can permit or limit 
the development of a work routine designed to save labor. As 
an example, the absence of alleyways at each end of the lines 
of stanchions may cause needless backtracking during the feed- 
ing operation. 

Making use of labor-saving equipment is the next impor- 
tant factor in dairy barn efficiency. Probably the milking ma- 
chine is the greatest single piece of labor-saving equipment. 
But because it is used on a high proportion of New York farms 
the important consideration is the way in which the machine 
is used, and not a comparison of machine and hand milking. 

The experience of some of the farmers in the study con- 
firmed experimental evidence and farm experience that prac- 
tically every cow could be milked out in five minutes or less, 
and one farmer was milking his cows in about three minutes 
each. By contrast, some farmers are timing the changing of 


the milking machine by the fifteen- (Continued on page. 163) 
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Irrigation Sprinkler Characteristics 
By C. N. Johnston 


HE motive power available as the result of reaction 

forces from water jets is used in the operation of many 

revolving forms of sprinklers. Most sprinkler jets issue 
from nozzles, but orifice plates of the sharp-edge or square- 
edge type could be used. Some of the measurable variables 
are diameter, pressure or head, thrust, quantity, and charac- 
teristic of the stream. This latter factor influences the carry- 
ing power of the stream by effecting tre breakdown of the jet 
into drops. 

The following data were derived from tests of jets issuing 
from holes or apertures ranging from 7/64 to 25/64in in 
diameter and representing the three types of ports noted previ- 
ously. The data were obtained using a test unit similar to the 
one sketched in Fig. 1. The jet issued horizontally and the 
whole assembly was free to swing on the suspending wires. 
This tendency to swing under the jet reaction thrust was re- 
sisted by adjustment of the spacer on the linkage to the plat- 
form scale. The assembly was kept in normal free hanging 
position over the stationary pointer at the time of reading 
of the scale. Little or no loss in thrust was present in the 
linkage due to the use of hard-faced pivoting edges and sur- 
faces. The linkage was so proportioned that a one-pound 
thrust gave a 5,000-g reading on the pointer of the scale. The 
supply pipe in the suspended assembly was a 2-in pipe a few 
inches over 18 ft long. Rectifying baffles were placed in the 
3-in inside diameter head, to the outlet of which the orifices 
and nozzles were attached. The suspending wires were ap- 
proximately 12 ft long. The head was measured as feet of 
water pressure at the discharge outlet, the thrust was read in 
pounds, and the flow or quantity was recorded in pounds per 
minute by weighing the accumulated discharge for a known 
time. The quality of jet was ascertained by observation. 

The head-thrust relationships for all jets when plotted on 
linear coordinate paper produce a family of straight lines con- 
forming to the general equation y = mx, (see Fig. 2 which 
shows the nozzles), where y = head and x = thrust, while m 
is the slope of the line which varies in some relationship to 
diameter. The value of m or the slope of the head-thrust lines 
for the various aperture types is listed in Table 1. 


TABLE 1. VALUE OF m FOR APERTURE SPECIFIED 


Sharp-edge orifice* 
Diameter of 


Square-edge Sharp-edge Sharp-edge 
aperture, in Nozzle orifice upstream downstream 

7/64 149.0 245.72 185.7 157.0 
5/32 68.1 100.36 78.65 73.7 
7/32 35.85 51.69 44.98 35.33 
9/32° 21.2 31,05 28.1 24.49 
5/16 17.65 26.2 23.26 19.76 
3/8 12.75 

25/64 17.0 16.98 13.44 


*Same orifice used in upstream and downstream positions for each 
size. Bevel of cut face of sharp-edge orifices 60 deg approximately from 
line of issuing jet for sharp-edge upstream setting. 


The effect of the shape of the aperture is to be noted in 
the range of m in Table 1. If these data are plotted on full 
log paper, Fig. 3, segregating the aperture form 
and plotting diameter against the value of m, four 
parallel lines are well defined. The general equa- 
tions for these lines are log y = m log x + log 3, 
or y=x™b, where y = diameter, x = slope or m 
or corresponding head-thrust curve, m = slope of 
the four parallel lines, and 4 is a constant varying 


This paper was prepared expressly for AGRICULTURAL 


* ENGINEERING. 


C. N. JOHNSTON is associate irrigation engineer, Uni- 
versity of California. 
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with the aperture type. The parallel lines drawn through the 
points on Fig. 3 conform to slope or m =-—0.5. Original 
efforts to fit lines to the points showed that a value of » = 
— 0.48685 would pass through a few more points. These ‘wo 
possible slopes provide correspondingly different values cf 5 
in the general equation as shown in Table 2. 


TABLE 2. VALUE OF b 


Type of aperture m = — 0.48685 m = 0.5000 
Square edge : 1.498194 1.567196 
Sharp-edge upstream 1.40129 1.488245 
Sharp-edge downstream 1.27915 1.37394 
Nozzle 1.234905 1.290365 


Because in Table 2 the values are related in the basic equa- 
tion, y =x™b, to y which is diameter, it is possible to arrive at 
equations expressing thrust, head, and diameter as follows: 


1.54247 
head —= ————— x thrust; nozzles 
diam 2.05402 
2.29412 
head —= ————— x thrust; square edge 
: 2.05402 
m = — 0.48685 scan 
1.999735 
head —= ————— x thrust; sharp edge upstream 
diam 2.05402 
1,658132 
head = ————— x thrust; sharp edge downstream 
diam 2.05402 
1.672724 
head —= —————- x thrust; nozzles 
diam? 
2.456103 
head —=—————- x thrust; square edge 
‘ : 2 
m= 0.5000 diam 
2.216924 
head = ————— x thrust; sharp edge upstream 
diam? 
1,887713 
head = ————— x thrust; sharp edge downstream 
diam? 


Though there is not much difference between the equations 
using the two values for m, a solution may be arrived at more 
simply by the use of the value — 0.5000. 


Suspend in 7 
SPCNMNNG wiles 


43-10" qport 


Sevionory PWV a—> 


Smpy pee 


Pressure conection 
Jo monome/ser 


Linkage => 
,. Sschorge jer 
> os 2 
iad iis Ss 
Sesionery “Ss 
Poaler 


Flotlorin of sce/e 
Fic. 1 


AGRI 


7 
pour 
ered 
whet 
ture 
stant 
data 
aper 
for 
full 
and 
tivel 
equa 


lows 


o 


8 2 


& 


Aread-in Feer 


& 


a 
He 


A 
Re 


gS 


Jure - s7 (rhe. 


Leomelver of Aver. 


» 


. GR SY ee eam aes ere a aS ee eee cece Ae a. tt. rn Be tar St Bens cea ey ah RE on 
ee ae Pte Ree te ae ans a A Co Se, oe iis 4 ae Rei Sa a pasty iti So epee Aa Bs We: 
ie SESE 2a eee Se Bae WV TS es Dr ee ce cae ee 
=o Ee eae a): ny ee" 4 ses cai Sa s gee it oe Se. ae 
a an Sn Sc ale Be MY See” Te. e fe Pe i es 2" gaan 
as SE Dn eat ial ge eee id 6. 5) ee Se ty an ‘ “ieee ie, eae a dh S TS A 
] ts.) ahem Pre intl ll eae eS Sek ab 2 Preece ee eee te Jay Roa oe | ee oe on : aaa A 
age x 
a 
be 160 es | 
wee =. 
oe : 
a ; 
| 
gary 7 
ee. 
See 
ies 
Ta ee 
ae 
5 ea 
oA ae 
ity 
retin 
yy y 
ons.) min 
a: P 
ag 
Oru 
en migl 
i ited 
' e uf 5 70}- 
See ee 
are } 
pepe | 
a | 
he | 
“Soil 
ee | 
Gist t 
ree Be i 
Prine e rey | 
Rien Re 
e er p | 
es aa “| 
a 
eee a 
ae 
ee 20 
ees 
os a “0 
a hee 
riage 
mers = 
7 _—_ @& 86 ' 
Napier bS 1 Surly 
8 iret ose 42 
; c 
Bante, 
‘ aT ee 
ee 
ae a a 
ee, 
a pe po 
oF i aE a ‘ 
PAE ighaeen te SE ei ik i at ~. ipa So mn patie 2 eS ee ea ee . Be oly Sans eee te | alee 
ae tees is! ee se eee TF ESanee o> ee te ‘ aes 4 aig Semi es oe 7 Mae i is Os Sa a eS a tae 
Fe Rete) SO ee 4. ea ape 5 ae ee Le ae Par 2° 2) Dig he + 7 Barc 6 eh a 
= ) ae "So SEER Tales ete! 25 Aa ieee Amey Ss ee Re aac oS : : pins a), a fal rr mii oie 
ae OS ee wes a a ee ee. | ae "e 
RN ef RP A a Berit). cos pc: hia > eee Bee ae aS ae es as hors 


1947 


h the 
ginal 
n= 
> two 


of b 


0.5000 
7196 


B245 
394 
0365 


equa- 
ve at 
VS: 


am 


am 


ations 
more 


AGRICULTURAL ENGINEERING for April 1947 


The thrust and the 
pounds per minute deliv- 


TABLE 3. SOME THRUST IN POUNDS PER MINUTE FLOW 


Square-edge 
orifice 


5 Nozzles 
ered are related variables Slope or Value of 
. Diam. of m of b for 
when the variables, aper- aperture, parallel _parallel * 
ture size, and type are con- in lines lines 
ees 7/64 1.94855  .002304 1.96095 

stant. When, as in Fig. 4, 5/32 ” .0012345 - 
data from a test of agiven 9/35 - etaaes “' 

cs 5/16 ” -00030417 ” 
aperture type are plotted A % ee 


for the several sizes on a 25/64 * 
full log graph with thrust 
and flow on the vertical and horizontal coordinates, respec- 
tively, a group of parallel lines results. Here again a general 
equation expresses the relationships for any given line as fol- 
lows: log y (thrust in pounds) = m (slope) X log x (lb per 
min) X log 6 (new variable dependent on diameter). 

This general equation has in the term log 6 a factor that 
might be expressed as a function of diameter, as in the case 
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7 
TABLE 6. SPRINKLER JET TESTS of the head thrust equation. The skeleton of the steps taken f  thrus 
Size Pressure i i . : 
mm as net, te @,1b/min 3 tabulated hereafter. Table 3 gives a summary of the slopes given 
1/64 ons pra a of the thrust-pounds per minute curves and the correspond ng 
19.4 0.112 : 2.7 values of 4 on those curves for the various types and sizes of 
26.8 0.233 11.0 aperture tested. oe . 
: 316 12. . 
4 cues 13.8 The values of 4 for the several aperture types plotted 
71.0 0.460 15. H $ 4 J Nozzl 
a8 og 07 against diameter on full log paper approximately define sepa- 
93.9 0.610 17.8 rate straight lines for each type aperture (Fig. 5). These es 
5/32 10.6 0.121 10.6 curves represent the relationship of the values of 4 in Table 3 edie 
= = —s and diameter of aperture for the four test types. Table 4 pre- a ; 
le . - . . Shar 
34.6 0.489 22.0 sents the pertinent data obtained from these curves. orifice 
48.2 0.660 26.0 moles 
59.0 0.845 29.4 a 
zi 69.8 0.974 ° TABLE 4 shar 
78.7 1.123 33.5 aia: Uinmientes orific 
92.2 1.318 37.05 Data from Square-edge orifice Geiice” down! 
Fig. 5 Nozzles orifice upstream downstream 
7/32 B x eo 4 Hy Slope (m) 0.502012 ~0.527522 ~0.546114 -0.516683 C 
. . . Value of b 0.005417655  0.00536877 —-0.00463976 + ~—«- 0.006 17142 : 
25.9 0.648 35.3 = 
39.4 1.016 45.0 ot 
48.9 1.266 49. : ; : ae : knee 
61.8 1.657 56.8 With the data in Tables 3 and 4 available, it is possible i 
74.3 1.968 62.3 : : : Senge: f degr 
82:9 2206 66.1 to derive equations in the general form y=x™ in terms of Fi 
88.3 2.383 69.2 of r 
9/32 8.4 0.247 27.6 TABLE 8. SPRINKLER JET TESTS 
17.6 0.689 46.6 Size milled 
24.0 0.983 56.6 sharp-edge 
34.8 1.497 69.3 orifice plate Net 
40.9 1.788 76.4 (upstream), in Head, ft head, ft Thrust, Ib Q, Ib/min 
49.5 2.179 84.7 can van ni 
ngs = ae “ 18.0 14.2 0.091 rit 
04.7 — - 33.0 29.2 0.162 5.7 
5/16 7.1 0.210 28.8 ae =. = oe 
12.0 0.504 45.0 52.3 48.5 0.277 71 
21.3 1.032 64.9 4 94 = Pe 
= ed as 69.8 66.0 0.362 8.4 
6. 7 7 77.3 73.5 0.403 8.6 
= em ons 82.7 78.9 0.433 9.2 
52. : s 89.4 85.6 0.465 9.6 
3/8 7.4 0.306 42.6 5/32 12.7 a9 0.192 ” 
‘ 12.6 0.714 63.0 “e 13.2 9.4 0.120 a7 
17.3 1.096 79.5 24.1 20.3 0.263 13.0 
22.0 1.448 92.6 33.1 29.3 0.378 15.5 
26.1 1.796 101.3 40.7 36.9 0.471 17.4 
31.7 2.219 115.8 51.6 47.8 0.610 19.8 
38.2 2.765 129.4 54.5 50.7 0.644 20.2 
68.0 64.2 0.816 24.0 
70.9 67.1 0.856 23.3 
¢ 76. 0. 8 
TABLE 7. SPRINKLER JET TESTS 80.7 74 0 a = . 
Size milled 
square-edge sia 7/32 13.1 9.3 0.221 16.1 
orific 13.4 9.6 i 6.5 
plate, in head, ft Thrust, Ib Q. Ib/min ant ae Sar os 
_ 35.3 36 6a 37.8 33.8 0.748 30.2 
45.2 .174 7.2 37.9 34.1 0.768 30.2 
50.4 236 85 49.4 45.6 1.006 35.0 
71.6 1286 9.4 ed 46.9 1.008 35.7 
a 10.5 Hf 3 1.356 39.5 
= —_ 67.2 63.4 1.395 41.2 
73. 69.2 1.569 42.8 
-5/32 oe _= Bs 78.8 75.0 1.659 44.7 
a5 “980 14.1 84.8 81.0 1.839 46.6 
42.3 “434 18.1 90.1 86.3 1.938 47.8 
7. . a7 9/32 13.3 11.5 0.361 24.8 
os.4 on6 25.3 16.3 12.5 0.427 28.8 
: ; ; 24.2 20.4 0.749 35.7 
28.4 24.6 0.852 39.8 
7/32 12.0 -176 Poa 37.5 33.7 1.176 46.2 
24.0 -402 oo 40.0 36.2 1.236 48.1 
37.8 -671 34.3 50.4 46.6 1.580 55.7 
49.0 -910 : 54.1 50.3 1.779 56.7 
63.4 1.162 38.4 65.2 61.4 2.131 2 
74.0 1.358 Pe 69.4 65.6 2.271 644 
84.7 1.585 : 80.2 76.4 2.662 67.6 
4.9 ‘1 "814 72.7 
9/32 13.0 0.316 25.8 ® 81 28 ; 
20.1 0.55 . 5/16 13.0 9.2 0.408 
27.6 0.803 40.3 v 13.3 9.5 0.422 31.6 
43.5 1.292 52.2 22.2 18.4 0.816 44.2 
51.8 1.591 56.9 27.3 23.5 1.010 50.2 
61.3 1.886 x 62.8 2.3 33.4 1.420 58 7 
73.8 2.218 69.7 47.3 43.5 1.916 68.0 
82.8 2.528 73.4 54.7 50.9 2180 721 
57.4 53.6 2.284 75 
5/16 11.8 0.334 29.1 68.3 64.5 2.774 81.3 
21.4 0.720 42.5 70.4 66.6 2.866 83.7 
31.3 1.076 52.7 
44.9 1.594 64.3 25/64 12.5 8.7 0.605 4.2 
55.6 1.934 73.0 12.6 8.8 0.598 44.0 
66.9 2.434 80.0 17.9 14.1 0.936 55.4 
72.4 2.688 82.7 18.8 15.0 0.976 56.1 
24.4 20.6 1.298 66 
25 /64 12.7 0.584 46.4 27.9 24.1 
18.0 0.902 57.1 32.6 28.8 
22.1 1.154 66.1 35.0 31.2 
28.3 1.524 76.1 39.4 35.6 
39.4 2.136 90.7 44.0 40.2 
43.7 2.424 95.4 48.4 44.6 
48.4 2.690 103.2 51.2 47.4 
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thrust, pounds per minute, and diameter. These equations are 
given in Table 5. 


TABLE 5 

Type of 
aperture Equation derived from tables and Figs. 4 and 5 

1.94855 0.0000306045 
Nozzles Thrust = Ib per min 5, 

diam 1.991985 

Square- 1.96095 0.0000497365 
edge Thrust = lb per min PE cemnteseenscneesecininae 
orifices diam 1.89565 
Sharp-edge 2.005176 0.000053334 
orifices Thrust = lb per min ee 
upstream diam 1.83113 
Sharp-edge 1.925754 0.0000528988 
orifices Thrust = lb per min x 


downstream diam 1.93543 


Seven-place log tables were used in making computations 
for the preceding, and since the decimals were easily obtained, 
they are presented completely herewith not to indicate that 


degree of accuracy, which is improbable, but only as a matter 


of record. 


TABLE 9. SPRINKLER JET TESTS 


Size milled 
sharp-edge 
orifice plate Net 
(upstream), in Head, ft head, ft Thrust, Ib Q, Ib/min 

7/64 13.3 9.5 0.058 4.3 

14.1 10.3 0.069 3.1 

26.1 22.3 0.138 6.1 

26.8 23.0 0.148 6.3 

37.2 33.4 0.216 7.5 

37.4 33.6 0.216 7.5 

49.4 45.6 0.298 8.6 

52.3 48.5 0.316 9.2 

63.0 59.2 0.375 10.0 

71.5 67.7 0.425 10.6 

80.2 76.4 0.484 11.3 

84.1 20.3 0.512 11.6 

5/32 17.3 13.5 0.202 11.2 

19.2 15.4 0.198 11.9 

27.9 24.1 0.347 14.8 

31.3 27.5 0.385 15.7 

40.4 36.6 0.524 18.2 

46.4 42.6 0.602 20.2 

56.4 52.6 0.732 22.2 

63.2 59.4 0.828 23.3 

67.8 64.0 0.892 24.2 

75.4 71.6 0.989 25.7 

83.7 79.9 1.091 27.2 

88.6 84.8 1.121 27.7 

7/32 14.4 10.6 0.320 22.0 

15.4 11.6 0.357 22.8 

30.0 26.2 0.742 34.8 

31.8 28.0 0.866 35.5 

42.4 38.6 1.074 41.9 

47.1 43.3 1.240 44.1 

61.2 57.4 1.640 50.5 

61.6 37.8 1.646 50.5 

70.1 66.3 1.894 54.5 

70.9 67.1 1.928 55.5 

80.5 76.7 2.178 58.4 

85.6 81.8 2.272 60.9 

9/32 15.3 11.5 0.518 34.3 

17.4 13.6 0.648 37.2 

27.8 24.0 1.051 49.0 

32.5 28.7 1.244 53.9 

37.4 33.6 1.457 59.1 

44.5 40.7 1.751 64.2 

52.8 49.0 2.064 70.6 

53.7 49.9 2.078 71.1 

65.8 62.0 2.593 79.5 

67.7 63.9 2.689 79.9 

5/16 9.0 5.2 0.274 29.1 

9.3 5.5 0.292 29.5 

19.6 15.8 0.882 49.6 

20.8 17.0 0.941 50.9 

27.7 23.9 1.220 60.4 

29.4 25.6 1.341 62.6 

36.6 32.8 1.693 70.3 

40.0 36.2 1.886 74.9 

48.1 44.3 2.252 81.5 

51.1 47.3 2.428 84.4 

57.4 53.6 2.736 90.0 

57.6 53.8 2.754 90.4 

25/64 10.9 7.1 0.623 50.8 

12.0 8.2 0,688 53.5 

17.0 13.2 1.041 68.6 

19.1 15.3 1.288 63.6 

22.8 19.0 1.552 82.0 

25.6 21.8 1.764 87.1 

28.3 24.5 1.926 92.0 

34.4 30.6 2.388 103.8 

36.1 32.3 2.504 103.7 

38.4 34.6 2.714 109.2 
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There was a noticeable difference between the jets that 
issued from the nozzles as compared with the square-edge 
orifice plates and the sharp edge orifice plates upstream, par- 
ticularly. The jet from the nozzles had a cloudy appearance 
starting from \% in to 1 in away from the aperture. The two 
orifice plates mentioned supplied glasslike shafts of water as 
long as 12 or 15 ft away from the aperture. These jets were 
perfectly transparent in this initial distance and without dis- 
tortion; so it was easy to imagine it a solid static shaft. 

Tables 6, 7, 8, and 9 are supplied to provide the test data 
from which the preceding were derived. It is obvious that 
other equations may be derived by combining those given for 
identical aperture types. 

In Tables 6, 7, 8, and 9 the first column, zero, was the 
negative correction in feet necessary to bring the recorded head 
in feet, Column 2, to net head at the aperture. Heads plotted 
were, of course, net, and equations correspond. 


Dairy Production 
(Continued from page 159) 


minute radio programs. The use of grain and ensilage carts 
can save steps and reduce the length of time spent in barn 
work. Farmers who did not use feed carts were walking sev- 
eral times as far and using considerably more time than those 
who used them. And transferring the load from the farmer's 
feet to wheels saves most of the hard work involved in carry- 
ing the tons of silage and grain which even a small herd 
requires in a month. 

The manner in which the work is organized and the meth- 
ods which are used is the third factor in dairy barn efficiency. 
Development of a work routine and the location of the tools 
used in the routine to avoid unnecessary walking can material- 
ly reduce the amount of time and travel. One farmer scrapes 
the platform behind the cows on one trip and then sweeps it 
on the return trip. The tools are returned to their original 
location during later trips for other purposes. A carefully 
worked out routine in the milkhouse is also a timesaver. A 
convenient arrangement of equipment and storage racks and 
an adequate supply of hot water are essential. 

The time and travel studies on these 17 farms verified 
what agricultural engineers have known for years, namely, 
that the most efficient dairy barn arrangement is a barn 34 to 
38 ft wide, with two rows of stanchions, cows facing out, or 
a combination of two rows of stanchions and pens. This study 
also showed that approximately three-fifths of the time spent 
in dairy barn chores was for milking, caring for the milk, and 
in cleaning the stable and handling bedding; or saying it an- 
other way, three-fifths of the barn chore time is spent behind 
the cows. With the face-out plan, the work behind the cows 
is more easily organized for greatest labor efficiency. 

The next step in the dairy barn chore study was to secure 
a series of before and after records, where time and travel 
studies could be made before the barn was rearranged and 
then after the remodeling was completed. This study was be- 
gun in 1945. By a fortunate circumstance five farms where 
the owners wished to remodel their dairy barns were located 
in a small area. Time and travel records have been obtained 
in each of the barns before remodeling was begun, and a re- 
modeling plan has been prepared for each cooperating farm- 
er. As rapidly as suggested changes are made, new records 
are being secured. Since these records are not complete, it is 
not possible at this time to list the results of a better barn ar- 
rangement on labor efficiency. 

The measurements which the time and travel studies have 
provided, of the relative efficiencies of different barn arrange- 
ment, management, methods, and organization of work and 
equipment, have proved to be helpful in getting other farmers 
started in thinking through their own problems with respect 
to these factors. 
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RESEARCH NOTES 


(A.S.A.E. members and friends are invited to supply, for pub- 
lication under this heading, brief news notes and reports on 
research activities of special agricultural engineering interest, 
whether of federal or state agencies or of manufacturing and ser- 
vice organizations. This may include announcements of new pro- 
jects, concise progress reports giving new and timely data, etc. 
Address: Editor, AGRICULTURAL ENGINEERING, St. Joseph, Mich.) 


HE Third Industry-Research Conference sponsored by the Farm 

Equipment Institute, with the aid and cooperation of the USDA 
Divisions of Agricultural Engineering, and held at the Agricultural 
Research Center, Beltsville, Md., on March 3 to 5, 1947, attracted 
more than 60 representatives from 35 different manufacturers in the 
farm equipment industry, including the major units as well as many 
smaller short-line companies. The register also included the names of 
representatives of a number of state agricultural experiment stations, 
farmers’ organizations, the farm press, and other groups, bringing the 
total attendance to about 100. 

The Beltsville meeting was easily the most outstanding of the 
three conferences so far held in which the F.E.I. agricultural research 
committee has provided the leadership. It was indicative of the grow- 
ing interest in a cooperative approach by the industry and public service 
research agencies to mutual agricultural problems. The two previous 
meetings were held at the Illinois Agricultural Experiment Station, 
Urbana, in 1945, and at the Alabama Agricultural Experiment Station 
and USDA Tillage Machinery Laboratory, Auburn, in 1946. 


Must Learn How to Use Research. The keynote of the conference 
was set in the opening statement by Secretary of Agriculture Clinton P. 
Anderson, who stressed the importance of the three groups—research 
workers, farm equipment, industry, and farmers—in solving the prob- 
lems of agriculture. In the peacetime task that is ahead of us—the task 
of making the results of research bless instead of curse agriculture— 
each group can and must make its contribution, he pointed out. 

“It is a fine thing,” the Secretary said, “for research to develop a 
new weed killer like 2,4-D or a new insecticide like DDT, but it is a 
finer thing to learn how to use them. DDT and 2,4-D will both be 
valuable assets to the agriculture of this country in the years ahead. 
The problem is to use them to lift the load of the people who live in 
the country, and in this way make the research of value. In this process 
the scientists do the research and find the scientific uses of new ma- 
terials or methods. The manufacture of farm machinery is a most im- 
portant link between the laboratories and the farmer, for the manu- 
facturer takes the results of research and develops the devices or ma- 
chines that enable the farmer to use the scientist's findings. And in the 
final analysis, of course, it is the farmer who translates the laboratory 
findings into more and better food and fiber for a better standard of 
living for all of us.” 

Looking at the disturbed conditions in the world, the Secretary 
pointed to the importance of food as a force in lasting peace and the 
need for research to enable farmers to carry their part of the task. 
Later in the conference, at the noon luncheon meeting, the Hon. J. W. 
Flannagan of Virginia, one of the authors of the Flannagan-Hope 
Marketing-Research Act of 1946, elaborated on this idea: ‘The future 
of agriculture lies back there in the laboratory in research,” he said. 
“In my judgment there never will be peace on earth as long as there 
are hungry people. The right kind of agricultural leadership can do 
more to cure the ills of the world than all the diplomats from Wash- 
ington to Moscow.” 


"Research Has Done Mighty Things!” Responding to the Secretary 
of Agriculture, W. A. Roberts, president of the Farm Equipment Insti- 
tute, expressed the interest of the industry in the research work now 
going on. “Our group, representing the farm equipment industry, is 
interested as taxpayers and as businessmen directly associated with 
agriculture in all research findings,” he said. “That is why we have 
chosen to meet at the Agricultural Research Center. In the past I have 
heard it said that ‘research is an attempt to find out what you are go- 
ing to do when you can no longer do what you are doing now.’ As a 
long-range proposition I should like to add that it ought also to at- 
tempt to do better what you're doing now. 

“In the short space of the last 10 or 12 years research has done 
mighty things. Some of us live so closely to them, however, that we 
are inclined to accept these things nonchalantly. Let me point out, 
however, that for the first time in history our country and its allies 
have just fought and finished a great war without a serious threat of 
famine. How was this possible? It was the result, first, of a scientific 
approach to agriculture, and, second, because of the mechanization 
of farming. 

“In the development of hybrid corn the research bill for the next 
100 years has already been paid. It is very much in order, therefore, 
that those in research and industry who have contributed so much dur- 
ing the war should meet and go over the problems and developments 
of research that may affect farming in the peacetime years ahead, and 
in this way to help each other in the job of helping the farmer.” 
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Following the Washington session of the conference two days were 
spent at the Agricultural Research Center, Beltsville, Md., in sessions 
packed with up-to-date information on the newest results of reseirch 
having direct relationship to farm machinery and equipment. Dr. R. M 
Salter, chief of the Bureau of Plant Industry, Soils, and Agricu!:. 
Engineering, described in some detail the wide scope of the wor 


the Bureau which touches every farm in the United States in one way 
or another. 


The first day’s sessions were devoted largely to the work in the 
plant and soils sciences. The work on plant growth regulators, ; 
ticularly the use of the new chemical weed killers, was described by 
Dr. John W. Mitchell and L. G. Kephart. Dr. Mitchell told 0: the 
various reactions which different plants make to several growth-reg 
ing chemicals. These are now being used for a number of diffe: 
purposes, in addition to weed killing, such as the prevention of a) 
drop at harvest time. Mr. Kephart emphasized particularly the need 
new spraying and dusting equipment for applying the new materials, 

“For weed spraying, high pressures are not needed or wanted,” 
Mr. Kephart said, “but high speed is a necessity. Reconverted orc! 
sprayers are not the answer. A sprayer with a 40 to 50-ft boom, oper- 
ated at 50 to 60 lb pressure, using not more than 20 gal of liquid per 
acre, and with a ground speed of at least 6 miles an hour, calls for 
special design. There is also need for better equipment for spraying and 


dusting by airplane as well as for first-class methods of sterilizing the 
soil.” a 


Another report by Dr. G. Steiner was on the nematode problem. 
These eelworms, mostly invisible to the naked eye, are in the soil 
wherever plants grow, literally millions of them, Dr. Steiner pointed 
out. They attack plants in many ways—roots, leaves, seeds, other parts, 
causing dwarfing, poor growth, decay, and other symptoms. Some re- 
cent promising results from soil fumigation with newly developed 
chemicals were described by the speaker. The use of these materials 
will, of course, require development of machines to apply them. 


Sessions of the conference with the agricultural engineering group 
at the Agricultural Research Center, including most of the second day, 
were devoted to the research work at various points throughout the 
country in farm power and machinery, particularly with reference to 
the F.E.I. research outline, farm electrification, farm buildings and 
rural housing, and mechanical processing of farm products, with dis- 
cussions by R. B. Gray, T. E. Hienton, Wallace Ashby and Geo. R. 
Boyd. The over-all program of the divisions was presented by A. W. 
Turner, assistant chief (BPISAE) in charge of agricultural engineering 
research, using a composite movie to show various developments. 


One of the high lights of the entire program was the dinner meet- 
ing on Monday night at the Log Lodge on the Agricultural Research 
Center grounds, with Dr. W. V. Lambert, agricultural research ad- 
ministrator, headlining the program, followed by the chiefs or repre- 
sentatives of the other research agencies of the ARA. 


* * * * 


Sweet Potato Mechanization. On March 11, 12, and 13 three meet- 
ings were held in southern Louisiana on problems of sweet potato 
production and utilization, with emphasis on mechanization. The March 
11 conference, at the USDA Southern Regional Research Laboratory in 
New Orleans, brought together members of the Laboratory staff and 
collaborators from the southern states agricultural experiment stations 
to discuss recent investigations and development in industrial utiliza- 
tion of sweet potatoes and related considerations of raw material 
quality and cost. On the following day the Louisiana State Sweet 


Potato Association meeting at Lafayette drew many of the same research 
workers. 


A further conference at the Southern Regional Research Laboratory, 
New Orleans, on March 13, dealt primarily with problems of sweet 
potato production for industrial utilization and especially with de- 
velopment of labor-saving machinery and equipment for crop produc- 
tion. It was recognized that low-cost volume production of swee! po- 
tatoes has lagged behind progress in development of industrial process- 
ing and outlets for the products. 


The process of making starch from sweet potatoes has been ‘airly 
well worked out and the importance of sweet potatoes for stock feed 
is becoming more thoroughly established. Dehydration for feed, pro- 
duction of feed yeast and development of other coproducts 0: 
products are under intensive investigation by scientists in fe eral, 
state, and industrial laboratories. Extended exploitation of industrial 
outlets for sweet potatoes rests, however, on production of the crop 
at a cost low enough to allow profit from the processing enterprise as 
well as a fair return to the grower. Mechanization of the crop is in- 
dispensable to low-cost production. Transplanters and harvesting cquip- 
ment are particularly needed. 


Representatives of farm equipment manufacturers were invited to 
the second New Orleans conference, and the Division of Farm Powet 
and Machinery (BPISAE) was represented at the three meetings by 


J. K. Park of Clemson, S. C., in charge of sweet potato production and 
harvesting machinery. 
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Dairy Housing Conference in July 


DAIRY Housing Conference sponsored cooperatively by the Farm 
f Structures Division of the American Society of Agricultural Engi- 
necrs, and the University of Wisconsin has been scheduled to be held 
at Madison, July 22 to 24. 

General subjects scheduled for major consideration include sanitary 
daicy production, research in dairy housing, tools and methods for dairy 
housing construction, and functional requirements. A tour of the Uni- 
versity of Wisconsin Dairy Barn Research Project and to several dairy 
farms in the area is scheduled for one afternoon. The program indi- 
cates a coordinated consideration of production and marketing objec- 
tives, engineering design and materials, and operating costs. Speakers 
are to be announced in the near future. 

Local conditions will determine whether the Conference will be held 
at the University or at a downtown hotel. Further information will be 
furvished in ample time to permit advance registration of persons 
interested. 


Dewey Long to Colombia 


DEWEY LONG, president of the American Society of Agricultural 

* Engineers in 1945-46, recently resigned his position as director of 
education and market research for the Douglas Fir Plywood Associa- 
tion, to become consulting agricultural engineer to the government of 
the Republic of Colombia. 

in this work, which is planned to require about a year, he is to 
advise the government on a program of agricultural engineering de- 
velopment as a part of its postwar plan for improvement and modern- 
ization of its agriculture. 

Mr. Long is proceeding to his new headquarters at Bogota, Colom- 
bia, via Washington, D. C., where he is to do some preliminary orien- 
tation work with the Office of Foreign Agricultural Relations of the 
U.S. Department of Agriculture. 


Virginia Section Meets in May 


HE Virginia Section of the American Society of Agricultural Engi- 
neers will hold its spring meeting on May 16 and 17 at the Hotel 
Roanoke, Virginia. Members and friends of the Society are cordially 


Airplane view of the 1946 National Plow Terrace Building Contest in 
Mills County, Iowa 


A.S.A.E. Meetings Calendar 


April 17 to 19 — Missouri Section, Hotel Muehlebach, Kansas 
City, Mo. 

May 16 and 17 — Virginia Section, Hotel Roanoke, Roanoke, 
Virginia. 

June 23 to 25—ANNUAL MEETING, Benjamin Franklin Hotel, 
Philadelphia. 


October 23 and 24— Pacific Northwest Section, Davenport 
Hotel, Spokane, Wash. 


December 15 to 17—FALL MEETING, Stevens Hotel, Chicago. 


invited to attend. A copy of the program will be mailed to all mem- 
bers of the Virginia Section, as soon as final details are completed. 
Anyone who would like to see a copy of the program may obtain one 
by writing directly to U. F. Earp, Section Secretary, Virginia Polytech- 
nic Institute, Blacksburg. 


A.S.A.E. Rules for Terrace -Building Contest 


REPORT of the second annual National Plow Terrace Building 

Contest held in Mills County, Iowa, September 10 and 11, 1946, 
has recently been published by the World-Herald of Omaha, Neb., one 
of the sponsors. Other sponsors of the contest included the Mills County 
(Iowa) Soil Conservation District, the agricultural department of the 
Omaha Chamber of Commerce, and the Omaha Farm Equipment Club. 
The rules and regulations used in this contest followed closely the tenta- 
tive recommendations for such contests drafted by a special committee 
of the American Society of Agricultural Engineers early in 1946. 

Twenty-eight entries competed in the moldboard class and eight in 
the open class. An audience of 20,000 attended the event, which also 
included educational exhibits, talks on conservation, and miscellaneous 
minor contests. 

Several A.S.A.E. members officiated in the contest. Ralph C. Hay, 
associate professor of agricultural engineering extension, University of 
Illinois, served as chairman of judges. Other judges were Wm. E. 
Meek, agricultural engineer, Delta Branch Station, Mississippi Agri- 
cultural Experiment Station; C. R. Johnson, assistant extension agricul- 
tural engineer, Iowa State College, and C. W. Smith, professor of agri- 
cultural engineering, University of Nebraska. 

With development of terrace building contests as agricultural field 
events, A.S.A.E. members concerned recognized the desirability of such 
contests being held in some uniform manner calculated to demonstrate 
and emphasize sound conservation procedures. A committee appointed 
to study the problem developed a set of rules and regulations which 
were approved by the Council of the Society and published in March, 
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This good-natured looking group comprises the Ontario Student 
Branch of the American Society of Agricultural Engineers at Ontario 
Agricultural College at Guelph, Province of Ontario, Canada. In the 
second row, left to right, is Jack Clark, first-year representative of the 
Branch; B. I. Graham, treasurer; C. G. E. Downing, honorary presi- 
dent of the Branch and head of the agricultural engineering depart- 
ment of O.A.C.; Robert C. Warren, president; Thos. R. C. Rokeby, 
scribe, and John Barrie, secretary. The names of others in the picture 
were not furnished. 
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1946, as “A.S.A.E. Tentative Recommendations.” From observation of 
their use during the past summer in county, state, and national con- 
tests, the Committee feels that they are generally satisfactory and has 
recommended their formal adoption, with a few minor changes, as an 
“A.S.A.E. Recommended Practice.” 

Members of the A.S.A.E. committee, known as the Committee on 
Rules for Terrace Building Contests, were T. B. Chambers (chairman), 
chief, division of engineering, U. S. Soil Conservation Service; Wm. E. 
Meek; J. T. Copeland, extension agricultural engineer, Mississippi State 
College; D. A. Milligan, director of service, Harry Ferguson, Inc.; R. C. 
Hay; L. G. Samsel, educational division, J. I. Case Co., and R. W. Jones, 
conservationist, U. S. Soil Conservation Service. 


K. J. T. Ekblaw, Past-President A.S.A.E., 
Has Passed On 


ARL J. T. EKBLAW passed away March 20, 1947, at Billings 
General Hospital, Chicago, Ill., following a hospitalization of a 
number of months. 

A native of Illinois, Mr. Ekblaw was born July 14, 1884, and fol- 
lowing graduation from high school he entered the University of IIli- 
nois, where he earned the bachelor of science degree in mechanical 
engineering in 1909, and the master of science degree in architecture 
at the same school in 1913. He Idter attended the Sheffield Scientific 
School at Yale University where he was awarded the professional degree 
of mechanical engineer. 

Starting his career in the agricultural engineering field immediately 
after graduation, he continued on the staff of the division of farm me- 
chanics (now department of agricultural engineering) at the University 
of Illinois from 1909 to 1916. From there he went to Kansas State 
College to organize a department and serve as professor of rural engi- 
neering until 1919. Then for two years he served as engineering editor 
of a number of farm papers and did some special work on farm ma- 
chinery for the International Harvester Company. He also served for a 
time as farm buildings architect for the U. S. Department of Agriculture. 

From 1921 to 1925 he was employed as an agricultural engineer by 
the Portland Cement Association, and continued as consulting agricul- 
tural engineer of the organization from 1925 to 1927. Next he became 
agricultural engineer and vice-president of the Frank B. White Com- 
pany, an advertising agency. This led to his later connection as agri- 
cultural engineer for the American Zinc Institute, in which position he 
continued until his retirement in 1945. 

Karl Ekblaw became a member of the American Society of Agricul- 
tural Engineers in 1920, served on a variety of committees, as a mem- 
ber of the Council, as chairman of the Farm Structures Division, and 
as a vice-president. He served as president of the Society during the 
year 1939-40. He was author of two early texts and references on 
“Farm Structures” and ‘Farm Concrete.” 

Mr. Ekblaw is survived by his widow. 


Chemurgists Hear Agricultural Engineers 


LL technical branches of agricultural engineering in their relation 

to ways and means of chemurgic progress, were brought to atten- 
tion in the Twelfth Annual Chemurgic Conference at Oklahoma City, 
March 26 to 29. 

A.S.A.E. members on the conference program included, in addition 
to Wheeler McMillen, president of National Farm Chemurgic Council, 
A.S.A.E. Past-Presidents L. F. Livingston and Arnold P. Yerkes and 
several others. 

Additional A.S.A.E. members seen about the conference and contrib- 
uting to the discussion included H. M. Bainer, E. W. Hamilton, H. E. 
Everett, V.S. Peterson, J. E. Stahl, and Dawson G. Womeldorff. 

L. F. Livingston was the featured speaker at the opening ‘‘State 
Dinner’, in which the governor, members of the legislature and other 
Oklahoma state officials were brought up to date on the national and 
local significance of farm chemurgy. 

Paul M. Mulliken, secretary, National Retail Farm Equipment As- 
sociation, pictured for the conference some individual and national 
problems of “Tooling Up” for postwar farm and chemurgic production. 

In a session devoted to the relationship between the petroleum 
industry and agriculture, George Krieger, agricultural engineer, Ethyl 
Corporation, summarized “The Agricultural Program of the Petroleum 
Industry.” Mr. Krieger is chairman of the agricultural committee of 
the American Petroleum Institute. 

Farm power and machinery relationships with chemurgy were 
further clarified by Mr. Yerkes, in charge of farm practice research for 
the International Harvester Co., in the closing roundtable of the con- 
ference. At the same session, Paul N. Doll, of the Missouri Limestone 
Producers Association and the Missouri Farm Chemurgic Council, re- 
ported on chemurgic industries in that state. 

Program ‘representation of farm structures interest in chemurgy was 
provided by~ Donald M. Crooks, Midwestern representative of the 
Douglas Fir Plywood Association, in a talk on ‘Plywood as Related 
to Farm Chemurgy.” 


Kar_ J. T. EKBLAW 
1884 - 1947 


Rural electric and soil and water branches of agricultural engineer- 
ing, while not directly included in the program, were acknowledged 
along with agricultural engineering in general, by various speakers from 
other fields, as important means to tangible progress in chemurgy. 


Personals of A.S.A.E. Members 


J. Reid Bishop, until recently associate engineer appraiser of the 
Federal Land Bank of Saint Louis, has recently entered into partner- 
ship with his brother at LeRoy, IIl., to engage in the hatchery and feed 
business, including fertilizer, hybrid seed corn, farm buildings, farm 
machinery, and general agricultural engineering service. 


Gustav H. Bliesner, in addition to his work as assistant professor of 
physical sciences at Farragut College and Technical Institute, Farragut, 
Ida., is also serving as a member of the college athletic board and as 
national expansion secretary of the Alpha Kappa Lambda fraternity. 


Joseph S. Buchanan, Jr., more recently soil conservationist of the 
U. S. Soil Conservation Service at Canton, Miss., is now drainage engi- 
neer at the same SCS headquarters, and his new work covers all drain- 
age enginering of the SCS and the state of Mississippi in the counties 
of Attala, Choctaw, Montgomery, Carrol, Webster, Madison, Leake, 
Scott, and Rankin. 


Frank J. Capouch, director of field service for the Bowman Dairy 
Company, Chicago, was recently elected president of the Associated 
Illinois Milk Sanitarians, the professional society of milk sanitarians 
in the state of Illinois. 


Kermit R. Cline, who served as an officer in the Coast Artillery of 
the U. S. Army during the war, is now employed as agricultural engi- 
neer in the Applications and Loans Division of the Rural Electrifica- 
tion Administration, USDA, and is engaged in promoting the use of 
electric power in agriculture. 


Paul N. Doll has resigned as agricultural engineer, Missouri State 
Department of Resources and Development, to become manager 0! the 
Missourl Limestone Producers’ Association with headquarters at }<ffer- 
son City, Mo. 


Erwin G. Dueringer, until recently assistant manager, Do Well 
Agricultural Service, has launched his own organization callc.’ the 
Dueringer Farm Land Service, at 338 North Hickory St., Champaign, 
Ill. He will engage in the general business of farm land management. 


Emil W. Eliason, who served as an officer in the U. S. ><aval 
Reserves during the war, is now employed as farm store manas<r of 
Sears, Roebuck and Company, at Appleton, Wis. 


Henry Giese, professor of agricultural engineering, Iowa Stat: Col- 
lege, at the invitation of Major General Philip B. Fleming, adminis- 
trator, Federal Works Agency, will serve as a member of the Com- 
mittee on Fire Prevention Education of The President's Conference on 
Fire Prevention. The Conference will be held in the Interdepartmental 
Auditorium, Washington, D. C., May 6, 7, and 8, 1947, and will be 
limited to 2,000 people who will attend by invitation. 


(Continued on page 168) 
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\ Link-Belt Company originated and is the largest pro- 
ducer of continuous rolled ‘“Helicoid’” conveyor. 
\ Standard sizes range from 21” to 18” outside di- 
ameter. For conveying, elevating, mixing, blending, 
y of loose, granular material use “Helicoid’” conveyor 
and Sectional Flight Conveyor by LINK-BELT. 


LINK-BELT 


Increased use of screw conveyor on modern farm equip- 
ment is a natural development, as its special advantages 
become recognized. Application of screw conveyor to 
manure spreaders of recent design is an example of the 
resourcefulness of engineers, and illustrates the adapt- 
ability of this type of conveyor to various purposes, 
besides conveying bulk material such as grain, in the 
usual manner. 


Through unmatched experience and production facil- © 
ities, Link-Belt Company is especially well equipped to 
supply screw conveyor and flighting, either continuous 
rolled “Helicoid” or sectional, to the agricultural imple- 
ment industry. We welcome inquiries and will gladly 
cooperate with your designers in making effective use of 
this efficient form of conveyor. 


LINK-BELT COMPANY 


Chicago 8, Indianapolis 6, Philadelphia 40, Atlanta, Dallas 1, Minneapolis 5, 
San Francisco 24, Los Angeles 33, Seattle 4, Toronto 8. 
Offices in Principal Cities. 10,039 


= 
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Personals of A.S.A.E. Members 
(Continued from page 166) 


Walter W. Hinz has resigned as a member of the agricultural 
engineering staff of the State College of Washington to accept a posi- 
tion as associate engineer with the Bureau of Reclamation, U. S. De- 
partment of the Interior, in the Columbia River Basin. He will be lo- 
cated at Ephrata, Wash. 


Melville M. Johns recently resigned as extension agricultural engi- 
neer, University of Tennessee, to accept appointment as district man- 
ager of the Southern States Cooperative, Inc., with headquarters at 
Culpeper, Va. 


Robert H. Joyce on release from the armed services began operating 
his ranch and irrigated farm at Ulysses, Kan. He is developing a 
deep-well irrigation system to supplement natural moisture. 


Aldert Molenarr has resigned as assistant irrigation engineer, divi- 
sion of irrigation, University of California, to return to the State Col- 
lege of Washington where he has accepted appointment as associate 
professor and assistant agricultural engineer in the agricultural experi- 
ment station. His principal assignment will be the development of a 
teaching and research program in irrigation. 


Weldon O. Murphy recently resigned his position with the service 
division of Harry Ferguson, Inc., to join the J. I. Case Company in 
the capacity of factory sales representative for the tractor works of the 
company at Racine, Wis. 


John E. Nicholas, professor of agricultural engineering at the Penn- 
sylvania State College, talked on the importance of farm and home 
freezers in the frozen food locker plant before the Pennsylvania Asso- 
ciation of Frozen Food Locker Operators at Harrisburg on March 22, 
and on a similar subject before the Georgia Frozen Food Locker Plant 
Association at its conference at Athens April 1-3. 


Gordon W. Olsen, until recently associated with the Palmer Ter- 
racing Company, has accepted appointment as assistant tractor testing 
engineer in the tractor testing laboratory at the University of Nebraska. 


Elwood F. Olver recently resigned as instructor in agricultural engi- 
neering at Pennsylvania State College to become a rural representative 
for the Pennsylvania Power and Light Co. at Williamsport, Pa. 


C. V. Phagan has resigned as extension agricultural engineer at 
Clemson Agricultural College to accept a similar position at Oklahoma 
A. & M. College, Stillwater. Before going to South Carolina in 1936 


he served a period of seven years as assistant extension agricultural 
engineer in the state to which he is now returning. 


Russell R. Poynor, engineer on special agricultural problems in the 
engineering department of the Canton Works of International Harvester 
Co., has been promoted to the position of agricultural engineer in 
charge of soil conservation engineering in the Company's farm imple- 
ment division at Chicago. Mr. Poynor is a graduate in both agricul *ural 
and civil engineering at the University of Wisconsin, and also has a 
degree in soil mechanics from Purdue University. In addition to having 
served on the agricultural engineering staffs of three land-grant col- 
leges, he was also associated for several years with the U. S. Soil Con- 
servation Service. 


James B. Putman, who served in the Corp of Engineers of the U. 
S. Army during the war, attaining the rank of captain, and who saw 
foreign service in New Guinea, the Philippines, and Japan, and more 
recently employed as an assistant regional engineer of the Farmers’ 
Home Administration of the USDA, is this month entering the irriga- 
tion well-drilling business in connection with which they will handle 
and install irrigation pumps and render other irrigation service to 
farmers. 


John W. Rockey, who served in the U. S. Army Air Forces during 
the war, attaining the rank of lieutenant colonel, has returned to his 
work as agricultural engineer with the Farm Buildings and Rural Hous- 
ing Division (BPISAE), U. S. Department of Agriculture, and is sta- 
tioned at the Agricultural Research Center at Beltsville, Md. 


Glenn E. Saha has recently accepted employment as agricultural sales 
engineer with the Baldwin-Duckworth Division of Chain Belt Com- 
pany, Springfield, Mass. His work will include contacting the engi- 
neering departments of farm machinery manufacturers relative to their 
power transmission problems, especially those dealing with roller chain 
applications. 


Howard S. Smith, until recently manager of the rural electrical 
equipment division of Trumbull Electric Mfg. Co., is now associated 
with a company specializing in electric farm equipment, the Smith 
Gates Corp., at Plainville, Conn. This company builds immersion 
water heaters and temperature control mechanisms for dairy and poultry 
production operations, also electric brooders of advanced design and 
other items of electric farm equipment. 


Darius E. Washburn is now manager of the farm electrical depart- 
ment of United Cooperatives, Inc., with headquarters at Alliance, Ohio. 
He resigned recently as agricultural engineer, division of electrical 
development, Tennessee Valley Authority. 


HEADS OR TAILS, 


the farmer wins both ways with 


CONCRETE DAIRY BARNS 


...lower feed and labor costs, higher milk yield 


om 


COOL in summer, weathertight 
in winter, vermin-proof the year 
*round, concrete dairy barns help 
the dairy farmer to greater earnings. 
Concrete can’t burn or decay. Its 
reasonable first cost and lifetime 
service with minimum maintenance 
add up to low annual cost. 

That’s why thousands of suc- 
cessful dairymen are using con- 
crete, not only for barns, but for 
milk houses, feeding floors, barn- 
yards, watering tanks, and other 
improvements. 


Free illustrated literature is ave lable 
to assist agricultural engineers in de- 
signing and building firesafe co: crete 
dairy barns, milk houses and many 
other profitable structures for farmers. 
Distributed only in United State: and 
Canada. 


PORTLAND CEMENT ASSOCIATION 


DEPT. A4-1, 33 WEST GRAND AVENUE, CHICAGO 10, ILLINOIS 


A national organization to improve and extend the uses of concrete ... through scientific research and engineering field work 
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Wsquare Deal in Cost 


ertight The sturdy, durable Quonset 40 is a big building, built throughout 

e year of quality materials and with proved construction methods. Yet its 
hel cost is remarkably low for the value it gives you. Great Lakes 

S Rep Steel Corporation’s efficient mass production of the Stran-Steel arch 

rnings. | ribs makes possible important savings that are passed on to 

as The Quonset 40 compares favorably in price with buildin; 

ay. Its of less durable materials. 

fetime 


enance Bequare Deal in Permanence 


Look at the advantages of steel construction in the way this build- 


f suc- ing stands up. It is fire-resistant. It is weather-resistant. It is proof 

against termites and rotting. Where other framing materials may 
gp con- vary in strength and condition, the Stran-Steel framing of the 
yut for Quonset 40 is always uniform in quality. Given reasonable care, 


your Quonset 40 should last indefinitely in A-1 condition. 
_ barn- 


other BWavare Deal in Usefulness 


The Quonset 40 is a very adaptable building. Its clear-span interior 


permits efficient use of all the space within, while variations in its 24 feet wide; length as required, 


c lable length and in placement of windows let you adapt the Quonset 40 in sections of 12 foot. Each sec- 
; in de- to your particular needs. Another important feature of usefulness pon Apne glace «Be doer. Solid 
nee is the: patented sailing groove in Stran-Steel framing members: end wall or end wall with door 
oncre Any material or equipment that can be attached to a wooden and window available. 
| many structure can be attached to the Quonset 40, inside or out. You 
nrners. nail to Stran-Steel. 
es and See your local Quonset dealer for complete information— 
or send us a postcard requesting his name and address. 
Stran-Steel Division * Dept. 27 ¢ Penobscot Building « Detroit 26, Mich. 
‘ UNIT Oo F NATIONAL ST eet CORPORATION 
il 1947 
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THE ROUND-ROOFED BUILDING 
THAT GIVES YOU A QQUARE DEAL 


- nancy 
RR 
ae 


* 


| 


20 feet wide; length as required, in 
12-foot extensions. Standard end 
wall equipped with walk 
two windows and ventilating lou- 
vers. Side wall windows and solid 
end wall also available. 


door, 


* 


STRAN}) STEEL 
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WISCONSIN 4:- Zooted ENGINE 


In designing this unique piece of equipment which cuts, mows, 
grades, plows, hauls, rolls and sweeps ... all with one machine 
and the various attachments with which it may be equipped... 
the Flink Company, of Streator, Ill., selected a 4-cycle, 4 hp. 
Wisconsin Air-Cooled Engine as the most satisfactory power unit 
from all standpoints, 


A Wisconsin Engine on any machine is the best possible guarantee 
of operating economy, heavy-duty serviceability, trouble-free cool- 
ing and quick, easy starting in any weather, in any climate. 
Specify Wisconsin Engines for your equipment for utmost adapta- 
bility to your requirements. Single and 4-cylinder models, in a 
full range of sizes from 2 to 30 hp. 


WISCONSIN MOTOR Corporation 
MILWAUKEE 14, WISCONSIN 
; WORLD'S LARGEST BUILDERS OF HEAVY-DUTY AIR-COOLED | ENGINES” 


a ea far! 
YOUR Product 


There is a wide variety of — 
SEWC wheels and axles for a 
m every type of mobile equip- — 
F ment... one or several may | 
- Be ideally si) ted to your pro- 
duct, For inusual wheel prob- — 
lems, we offer you a complete 
qneiiening service, with a 
: 2» Moroughly . exper- 
* ienced staffandun- .. 
 . excelled facilities. 
ae Write todayforcom- ua 
&§ Licgeel tnfagnation.. 


Applicants for Membership 


The following is a list of reeent applicants for membership in the 
American Society of Agricultural Engineers. Members of the Socicty are 
urged to send information relative to applicants for consideration of the 
Council prior to election. 


T. P. Balakrishnan, engineer, department of agricultural machinery, 
Government of India, New Delhi, India. (Mail) 189 Rouse Ave. 


C. A. Bradford, agricultural engineer, Public Service Co. 0: Okla- 
homa, P. O. Box 201, Tulsa, Okla. 


Allan H. Burman, instructor in agricultural engineering, Un versity 
of Minnesota, St. Paul, Minn. (Mail) 1737 Eustis St. 


David W. Chandler, assistant county agent, Marion, Ark. 

Joseph P. Collopy, superintendent, Gila Project, Bureau of Reclama. 
tion, USDI. (Mail) 1505 Sixth Ave., Yuma, Ariz. 

Tom E. Corley, graduate assistant in agricultural engineerin, Ala- 
bama Polytechnic Institute, Auburn, Ala. 

John A. Danielson, farm service representative, Puget Sound Power 
and Light Co. (Mail) 286 Fourth St., Bremerton, Wash. 

William Duke Ill, agricultural engineer, Agricultural Associates, 
Inc., Ardsley, N. Y. (Mail) 4 Park Ave. 

W. C. Dutton, director, field agricultural chemicals research, The 
Dow Chemical Co. (Mail) 523 Bailey St. East Lansing, Mich. 

Lawrence M. Eidsmore, junior agricultural engineer, Agricultural 
Associates, Inc. (Mail) 51 Grandview Ave., Dobbs Ferry, N. Y 

J. K. Gaunt, engineering superintendent, H. V. McKay Massey- 
Harris Pty., Ltd., Sunshine, Victoria, Australia. 


George T. Gibson, assistant in agricultural engineering, Michigan 
State College, East Lansing, Mich. 

R. D. Grant, district agriculturist for Soldier's Settlement and Vet- 
erans Law Act. (Mail) 2936 West 21 Ave., Vancouver, B. C., Canada. 
Joseph B. Hammon, regional agriculturalist, Bureau of Reclamation, 
USDI. (Mail) 2015 P St., Sacramento, Calif. 


G. W. Howard, staff engineer, The Beet Sugar Development Founda- 
tion, Box 531, Fort Collins, Colo. 


Fred W. Kesler, district sales manager, Rilco Laminated Products, 
Inc. (Mail) 511 W. 13th St., Sterling, Ill. 

M. H. Khan, student in agricultural engineering, University of Wis- 
consin, Madison, Wis. 


E. W. King, designing engineer, H. V. McKay Massey-Harris Pty., 
Ltd., Sunshine, Victoria, Australia. 


Robert E. Kyle, junior engineer, The Oliver Corporation, South Bend, 
Inc. (Mail) 3218 S. Main St. 

A. Latif, foreign liaison representative (India), Soil Conservation 
Service, USDA. (Mail) P. O. Box 426 A, Chandler, Ariz. 

F. E. Lichte, cotton gin specialist, agricultural extension service, A. 
and M. College of Texas. (Mail) 914 S. College Ave., Bryan, Tex. 

Allan W. McCulloch, head, irrigation section, Soil Conservation 
Service, USDA. (Mail) 4555 N.E. 82nd, Portland 13, Ore. 

Herbert F. Miller, Jr., graduate fellow in agricultural engineering, 
A. and M. College of Texas, College Station, Tex. (Mail) Box 570. 

Fred C. Sackrider, graduate student in agricultural engineering, 
Michigan State College. (Mail) R. R. No. 1, Parma, Mich. 

Carl W. Saldeen, experiment engineer, The Oliver Corp., Battle 
Creek, Mich. (Mail) 45 Yale St. 

G. O. Schwab, instructor and graduate student in agricultur:! engi- 
neering, Iowa State College, Ames, Iowa. 

Ray Sullivan, salesman, Starline, Inc., Harvard, Ill. 
Diggins St. 


Stanley C. Swanson, engineer, Gates Rubber Co., 999 So. B: 
Denver 17, Colo. 

A. A. Thompson, assistant agricultural engineer, Opekas:| Farm 
Management, Lebanon, Ohio. (Mail) 228 S. Mechanic St. 

Louis J. Toupence, managing editor, lubrication charts, Th Chek- 
Chart Corp., 624 S. Michigan Ave., Chicago 5, IIl. 


M. O. Whithed, senior rural representative, Atlantic City ‘lectric 
Co. (Mail) Pleasantville, N. J. 


(Mail) 206 E. 


vadway, 


TRANSFER OF MEMBERSHIP GRADE 


Chas. A. Bennett, principal agricultural ee, Div: 
Agricultural Engineering, (BPISAE), USDA. (Mail) P. 
Leland, Miss. (Member to Fellow) 

Ralph J. Bugbee, director, farm department, Central Vermcot Pub- 
lic Service Corp., 121 West St., Rutland, Vt. (Associate to Member) 


Spencer H. Daines, acting head, agricultural engineering depart: 


ons of 
. O. Box 426, 


ment, Utah State Agricultural College, Logan, Utah. (Junior Member 
to Member) 


(Continued on page 172) 
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to clean, needs no paint or whitewash to preserve it. Can be used no painting or whitewash 


ae 
Mie pes shoe Bo, - 


Run-down, leaky, rotting away... 
BEFO RE: yet quickly made modern with 4' x 8’ 
sheets of Flexboard at low cost! 


Now a modern, efficient structure 
AFTER: with fireproof wall surfaces that will 
{ never need painting to preserve them. 


SII IS 


Building or 
Remodeling 
Recommend FLEXE 


Flexboard is a farm favorite for greater fire-safety, permanence, 
economy! Made of asbestos and cement, pressed and then re- 
pressed for extra strength, Johns-Manville Flexboard is like 
a sheet of stone. Yet it’s flexible—fits curved surfaces. And it’s 
easy to work—saws and nails like wood. 


ASBESTOS FLEXBOARD 
—for every type of Farm Building 


Hog Houses — Flex- 
board on the exterior 
walls makes a low-cost, 
weather-tight building. 


Comes in large 4‘ x 8’ sheets—fireproof, rotproof, moisture- 


proof, rodent-proof—and inexpensive. Qairy Oaras— Inside of 


: out, Flexboard saves 

Flexboard cuts upkeep costs. Its hard, smooth surface is easy pee Py avcsceney Byte 

inside or out for walls, roofs, floors, or ceilings on new or re- ce ” it—or keep it 
modeled structures. 


A free research service — 
Johns-Manville maintains one of 
the most complete research lab- 


Are your files up-to-date? 


Do you have the Johns- 
Manville printed material 


Machine Sheds—Flex- 
board walls and roof 


RES P id ick, l 
oratories in the world for build- listed here? = a “ = — 
ing materials. If you havea special 1. Flexboard on the Farm pons Bt: £ ng 
problem on farm building or re- 2. peers — — P 
search, write to the f Mision, 3. Agricultural Handbook 

a reerveier ¥ 4. Maintenance & Repair 
J-M will gladly work with you Manual 
to the full extent of its facilities. 5. Farm Building Plan 


Service 
6. Low-Cost Farm Struc- 
tures 
Because of the unprecedented demand for Indicate the literature you 
Johns-Manville Building Materials, want and write to Johns- 
there may be times when we cannot Manville, Dept. AE-4, P. 


make immediate delivery. We therefore O. Box 290, New York 16, Milk Houses—Flexboard is Laying Houses—Flexboard 


ESSE ieee 


urge everyone to anticipate requirements easy to wash down. Helps helps fight poultry diseases 
as far in advance as possible. meet the most rigid healt because it’s easy to clean, 
regulations. . easy to disinfect. 
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ater ecommerce 


Protecting Crops, Machinery, Homes 


TSALKRAFT Dost 


GRAIN STORAGE 


RESIDENTIAL 


PORTABLE SILOS CONSTRUCTION 


XA 


COVER MACHINERY tRUCK AND WAGON 
COVERING 


PROTECT 
CONCRETE 

On farms — like any other business — every dollar saved is 

that much profit. Wind, rain, sleet, snow — exposure of every 

kind — can do much damage to harvested crops, machinery, 

buildings. With Sisalkraft much of this loss can be avoided. 


Sisalkraft is ideal for temporary silos — emergency storage 
of grain — covering hay stacks — protecting machinery — 
curing concrete — lining poultry houses — protecting the 
home — plus many other uses Costs little. Tough, tear- 
resistant, and waterproof. Can be used again and again. 


Sisalkraft is sold through lum- 
ber dealers everywhere. Write 
for folders on Sisalkraft’s many 
farm uses. 


Me of SISALKRAFT, FIBREEN, 
RISALATION, SISALTAPE AND COPPER-ARMORED SISALKRAFT 


SIXES - V- 7 
“Write For Latest Industrial Literature Fi 
: fs ‘Address: ‘ : 
FORD MOTOR 


Industrial and Marine En 


COMPANY 
ine Department 
ARBORN, MICHIGAN 


Applicants for Membership 


(Continued from page 170) 


Bertis L. Embry, assistant professor of agricultural engineering, Utah 
State Agricultural College, Logan, Utah. (Mail) RFD (North Logan) 
(Junior Member to Member) 


Orville C. Hansen, soil conservationist, Soil Conservation Service, 
USDA. (Mail) 3509 C. Street, Lincoln, Nebr. (Junior Mem} <r to 
Member) 


Donald L. Hitch, extension specialist in irrigation, Univers:ty of 
Arizona, Tucson, Ariz. (Junior Member to Member ) 

Houston N. Irvine, assistant chief engineer, J. I. Case Co. 
716 N. 3rd St., Burlington, Iowa. (Junior Member to Member) 


Albert F. Keegan, draftsman and designer, T. Ewing Shelton, Archi- 
tect, First National Bank Bldg., Fayetteville, Ark. (Associate to Mem. 
ber) 


Alfred D. Longhouse, professor and head, agricultural engincering 
department, West Virginia University, Morgantown, W. Va. (Mail) 
Oglebay Hall. (Associate to Member) 


E. L. Ocock, farmer, Union, Ill. (Junior Member to Member) 


Albert E. Powell, office engineer in design of farm buildings, Struc- 
tural Clay Products Institute, 12014 Welch Ave., Ames, Iowa. (Junior 
Member to Member) 


J. W. Wagner, president, Turner Mfg. Co., Box 987, Statesvelle, 
N. C. (Associate to Member) 


Orville W. Zastrow, assistant engineer, technical standards division, 
Rural Electrification Administration, USDA. (Mail) 2821-28th St, 
N. W., Washington 8, D. C. (Junior Member to Member) 


( Mail) 


| 


New Literature 


THE FREEZING PRESERVATION OF Foops, by Donald K. Tressler 
and Clifford F. Evers. Cloth, XVIII + 932 pages, 5% x 8 inches. 
Illustrated and indexed. Avi Publishing Co., New York, $10.00. 


This is a second edition of a work originally published in 1943, 
revised and enlarged to cover more recent advances in the technology 
of freezing foods. It should prove a valuable reference for those ex- 
perienced in food refrigeration as well as many with new interests 
in this field. It deals largely with use requirements, opportunities, 
and methods from the operator's viewpoint as distinguished from en- 
gineering ways and means of refrigeration design to meet various 
requirements. Subjects covered include food freezing — present im- 
portance and potentialities; the principles of refrigeration; cold storages, 
sharp freezers and sharp freezing; quick freezing and the quick 
freezing systems; freezing cabinets and walk-in freezers; frozen 
food locker plants; packaging materials and problems; changes oc- 
curring during the preparation, freezing, cold storage, and thawing 
of foods; adaptability of vegetables and vegetable varieties to freez- 


ing; the freezing of vegetables; adaptability of fruits to freezing; the’ 


preparation for freezing and freezing preservation of fruits; the 
manufacture and freezing of fruit juices; preparation of food for 
home freezing; the preparation and freezing of meat; the preparation 
and freezing of poultry; the preparation and freezing of fish; 
the preparation and freezing of shellfish; the freezing of dairy products; 
the preparation of precooked frozen foods; the storage, transporta- 
tion and marketing of frozen foods; the nutritive value of frozen 
foods; the cooking and serving of frozen foods; the microbiology 
of frozen foods — plant sanitation; the importance of quality con- 
trol and standards in the frozen foods industries. 


Appendixes give specific data on standards for grades o! froz- 
en fruits and vegetables; objective tests for quality of vexctables; 
determination of maggot infestation of blueberries; objectiv. tests 
for the quality of meat, poultry, and fish; bacterial examination of 
products; the determination of the rate of moisture transmission 
through papers and boards; standards for rating home !:cezefs; 
Illinois rules and regulations governing the licensing and operation 
of frozen food lockers. 


THE HoME FREEZER HANDBOOK, by Gerald J. Stout. Cloth, XIII+- 
345 pages, 514x814 inches. [Illustrated and indexed. |. Van 
Nostrand Co. $3.95. 

A practical guide to present and prospective users on choe and 


building of freezers and practice in freezing and storage. Info:mation 
is grouped into sections on general considerations, buying « ‘actory 
built freezer, building a home freezer, care of the home reezét, 
building combination storage and freezer, and preservin: foods 
by the freezing method. 


DisINFECTION OF Matrressgs, by E. H. Gibbons, W. 0. Hat- 
ris, and P. J. A. Zeller (Paper, 26 pages, 6x9 inches, illv strated. 
Bulletin No. 87, 1945, Texas Engineering Experiment =tation, 
A. & M. College of Texas.) A report of research on chem‘cal and 
heating methods of disinfection with summary and conclusions rec 
ommending the most desirable procedure. The study was made at 
the request of the state department of health. 
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Save up te 40 minutes 
with the new James- 
way Mile-Saver feed 
truck. One easy trip 
does the work of 16 
with a bushel bas- 
ket. Cuts chore time. 


Save up te 30 minutes 
with Jamesway wa- 
ter cups. No more 
herding of cows 
around water tanks. 
No tank heater to 
tend. Increase milk 
production 10%. 


Save up to 30 minutes 
with Jamesway pat- 
ented Lever Stalls. 
One handy lever 
locks all the cows in 
place—releases them 
all just as quickly. 
Easy to operate. 


See Your Jamesway Dealer: 
Write for free folder on how to save time the Jamesway. 

It’s full of helpful tips on how to speed up chores 
— step up profits. Address Dept. A-447 
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Save up to 50 minutes 


with a Jamesway 
“long-life” litter car- 
rier. No other like 
it! One trip does the 
work of four or five 
with a wheelbarrow 
— and a lot easier. 


yam 


Elmira, N. Y. 


Save time with Jamesway 


automatic ventila- 
tion. No adjustments 
—regardless of weath- 
er. Keeps barn drier, 
healthier. Promotes 
efficiency. Reduces 
barn odors. 


REG. U.S. PAT. OFF. 


Fort Atkinson, Wis. 


esway 


Oakland, Calif. 


Save 4 big ways 
with Jamesway Hog 
Feeders. Cut feeding 
time in half—market 
early. USDA reports 
self fed hogs produce 
33% more pork with 
25% less feed. 
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ufacturers of mobile farm equipment 
the full benefits of our capacity for 
designing, testing and producing 
wheels capable of satisfying, in full, 
the actual demands of any given 
range of field service. In many in- 
stances it may be possible to utilize 
STANDARD WHEELS and HUBS — 
thereby achieving economies and 
avoiding delays. 


Send Your Wheel Problems to Us 


FRENCH & HECHT 
DIVISION 
KELSEY-HAYES WHEEL COMPANY 


DAVENPORT 


“JUST AH 


ALLIGATOR 


Trade Mark Reg. U. S. Pat. Office 


STEEL BELT LACING 


World famed in general serv- steel, ‘Monel Metal’ and non- 
ice for strength and long life. A magnetic alloys. Long lengths 
flexible steel-hinged joint, smooth supplied if needed. Bulletin A-60 
fon both sides. 12 sizes. Made in gives complete details. 


|FLEXCO |E-Z1> 


BELT FASTENERS AND RIP PLATES 


For conveyor and elevator belts 
of all thicknesses, makes a tight 
butt joint of great strength and 
durability. Compresses belt ends 
between toothed cupped plates. 
Templates and FLEXCO Clips 


magnetic and abrasion resisting 
alloys. : 

By using Flexco HD Rip Plates, 
damaged conveyor belting can be 
returned to satisfactory service. 
The extra length gives a long 


speed application. 6 sizes. Made grip on edges of rip or patch. 
steel, 


“Monel Metal’, non- lexco Tools and Rip Plate Tool 
are used. For complete 
information ask for 


Bulletin F-100. 


Sold by supply houses 
everywhere 


eae 


ag te ae 


R BELTS EASILY FASTENED" 


““CONVEYO 


4677 Lexington St. 
Chicago, Ill. 


Personnel Service Bulletin 


The American Society of Agricultural Engineers conducts a Personne) 
Service at its headquarters office in St. Joseph, Michigan, as a ‘caring 
house (not a placement bureau) for putting agricultural engineer: see. 
ing employment or change of employment in touch with possible «mploy- 
ers of their services, and vice versa. The service is rendered without 
charge, and information on how to use it will be furnished by the society, 
The Society does not investigate or guarantee the representations made 
by parties listed. This bulletin contains the active listing of ‘‘Positions 
Open’’ and ‘Positions Wanted’’ on file at the Society's office, and in. 
formation on each in the form of separate mimeographed sheets, may 
be had on request. ‘‘Agricultural Engineer’’ as used in these listings, 
is not intended to imply any specific level of proficiency, or registration 
or license as a professional engineer. 


—— 
= 


Norte: In this Bulletin the following listings still current anc previ- 


ously reported are not repeated in detail. For further information see 
the issue of AGRICULTURAL ENGINEERING indicated. 


Attention is invited to the desirability of checking on the housing 
situation when considering a new location. 


PosITIONS OPEN: MAY — 0-503. JUNE—O-506. AUGUST— 
O-510. SEPTEMBER— 0-516, 520, 521. NOVEMBER — 0-523, 
DECEMBER—O-526, 527, 531, 532. JANUARY—O-535. FEBRU- 
ARY — 0-540, 541, 542. MARCH — 0-543, 544, 546, 547, 548. 


PosiTioNs WANTED: FEBRUARY—W-207. APRIL—W-232, 237, 
276, 292. MAY—W-309, 312. JUNE—W-316, 320, 322. SEPTEM. 
BER—W-337. NOVEMBER — W-358. DECEMBER — W-361, 367, 
FEBRUARY—W-371, 373, 374. MARCH—W-375, 377, 378, 379, 
380, 382. 


NEW POSITIONS OPEN 


AGRICULTURAL ENGINEER (instructor) for teaching and research 
in farm structures in a north central state university. BS deg in agri- 
cultural engineering, or equivalent. Experience in college teaching or 
research, or with a commercial organization desirable. Opportunities 
for advancement comparable to those in college work generally. Age, 
25-30. Salary, about $3600, depending on qualifications. O-549 


AGRICULTURAL ENGINEER for extension work in electrification 
in corn belt state. BS deg in agricultural engineering or equivalent with 
two to five years experience in rural electrification work. Usual per- 
sonal qualifications for extension work. Good opportunity for advance- 
ment. Age, 25-35. Salary 33400 - $4200. O-550 


AGRICULTURAL ENGINEERS (2) (assistant professor) for teach- 
ing machinery, irrigation, and structures, with some field work and 
research, in a university in western Canada. MS deg in agricultural 
engineering, or equivalent, with two years teaching experience. Must be 
alert, energetic, and resourceful. Opportunity for advancement normal 
to teaching institutions. Age, under 32. Salary $3000. O-551 


FARM MANAGER, for highly developed fruit and nut farm of 500 
acres in California. BS deg in agricultural engineering, preferably with 
some experience in fruit farming as practiced in California, especially 
as to dried peaches, prunes and walnuts. Must know irrigation, prun- 
ing, and spray programs. Desire Protestant, church worker, in good 
health and with no bad habits. Good opportunity for qualified engineer 
and business man. Farm well located in progressive community, near 
a state college, and includes a Class II airport. Owner is graduate 
engineer and member of A.S.A.E. and other engineering societies. 
Prefer man about 35. Salary open. O-552 


AGRICLTURAL ENGINEER, for research in farm structures and 
machinery, with particular reference to potato production, in a state 
agricultural experiment station in New England. BS or MS deg in agri- 
cultural engineering preferably from a school in one of the northern 
states. Prefer man with some experience in storage structures and in 
equipment for handling farm products, capable of coordinating research 
in harvesting, handling, storing, and packaging potatoes. Good oppor- 
tunity for advancement. Age, under 40. Salary $3500 - $4500, <epend- 
ing on experience and training. O-553 


AGRICULTURAL ENGINEER, for research in farm electri! cation, 
with immediate attention to curing of tobacco in the Southeast. BS 
deg in agricultural engineering, or in electrical engineering if combined 
with farm experience. Experience desirable but not essential ‘or man 
with initiative and interest in research in rural electric field. Oppor- 
tunities as provided by U. S. Civil Service. Age, 28-35. Salary, 
$2644.80-$4149.60. O-554 


AGRICULTURAL ENGINEER for teaching power and mach nery in 
a north central state university. Work will include assisting i» teach- 
ing of advanced courses, and teaching service courses in da ry and 
horticultural machinery. BS and MS deg in agricultural enginer:ing de- 
sired. Some teaching experience or evident aptitude for teaching Prefer 
a neat, clean cut, cooperative man who is a good mixer, has 4 sense 
of humor, and is interested in a church. Excellent opportunity for 
qualified man. Age 25-35. Salary $3000 - $3400. O-555 


AGRICULTURAL ENGINEER for research in rural electri:ication, 
particularly refrigeration, in a north central state university. BS and 
MS deg in agricultural engineering or equivalent desired. Some previous 
experience in commercial teaching, or research work in rura! electri- 
fication field. Prefer a neat, cooperative, aggressive man with sense of 
humor and an interest in church and community enterprises. 
opportunity for qualified man. Age, 25-30. Salary $3200 - $3800. 0-556 


ASSISTANT INSTRUCTORS (3), one each in fields of power and 
machinery, farm structures, and water control in a north central state 
university. BS deg in agricultural engineering. Prefer men wii some 
experience in students and with church affiliation. Opportunity ‘o pe 
plete requirements for an MS deg in agricultural engineerine in 
Age, 21 or over. Salary $1200 for 3 quarters. 0-557 


(Continued on pase 176) 


quarters. 
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Davccsorserers, 


Here’s good news for architects, builders, and elec- 
trical contractors! 

Aluminum Building Wire in sizes No. 12 A.W.G. 
to 1,000,000 C.M. and larger are now in production. 
They have the approval of Underwriters’ Labora- 
tories, Inc., and meet the requirements of the 
1947 National Electrical Code. 

Since 1898, Alcoa Aluminum has been in service 
in high-voltage conductors on this nation’s trans- 
mission systems. More than 1!4 million miles of 
aluminum electrical cable are in use today in all 


ae 


AX 


CAVANN 


¥, 


. ALCOA ALUMINUM 
FOR BUILDING WIRE! 


parts of the country. 

On the job, aluminum conductors have proved 
themselves efficient and dependable for use wherever 
electricity is conducted. 

Aluminum Building Wire, made from Alcoa 
Aluminum, is now available from manufacturers of 
insulated wire for use in homes, factories, stores, etc. 

See your manufacturer, distributor, or jobber for 
further information on Aluminum Building Wire. 
AtuminuM Company oF AMERICA, 1976 Gulf Bldg., 
Pittsburgh 19, Pa. Sales offices in leading cities. 


MORE people want MORE aluminum for MORE uses than ever 
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Building a Future 
with the help of 


INTERNATIONAL HARVESTER 


Millions of men—and their There is always a future for 
fathers and grandfathers before all men. Many are building for 
them—have built their farming theirs now with the help of a 
careers on the long line of greater International Harvester 
International Harvester farm and the leadership of the ex- 
tractors, machines and motor  perienced dealers who serve 
trucks that stem from the inven- under the IH Symbol. 
tion of the McCormick Reaper, INTERNATIONAL HARVESTER 
116 years ago. They built COMPANY 
soundly for their future. 180 N. Michigan Ave. Chicago 1, Ill. 


ats 


The four Farmalls, with the broad range of Farmall machines, 
play a major roll in the success story of American farming 


Now you can 
waterproof, insulate, 
beautify, and add fire-resistance 
to your roofs in one low-cost operation ... with 
Richlume! Stops heat and moisture before it penetrates 
the roof surface! Richlume is a waterproof, insulating 
coating for protection of tar, tarpaper, composition 
shingle, or built-up asphalt roofs...Not an“all purpose” 
aluminum paint, Richlume is made to do one job best! 

Can be applied winter or summer for years of 
added protection to old or new roofs. Write today 
for full data on Richlume, and details on comparative 
weathering tests that prove Richlume superiority. 

Other Richkraft Products: Richkraft Building Papers, 


Silvercote Reflective Insulation, Richglaze Plastic 
Glazing, Richkure Concrete Curing Compound 
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PROFESSIONAL DIRECTORY, 
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GEORGE R. SHIER ROBT. J. McCALL 
Professional Agricultural Engineering Services 


Structures, Ventilation, Drying, Machinery Development 
and Sales Consultation, Engineering Design 


Members A.S.A.E. Room 705, 8 E. Broad St., Columbus 15, Ohio 


\Wihtin 


FRANK J. ZINK ASSOCIATES 
Agricultural Engineers 
Consultants on product development, designs, research, 
market research, public relations 


FELLOW A.S.A.E. Suite 4300, Board of Trade Bidg. 
MEMBER S8.A.E. Telephone: Harrison 0723 Chicago 4, Illinois 


RATES: Announcements under the heading ‘‘Professional Directory’’ in 

AGRICULTURAL ENGINEERING will be inserted at the flat rate of 
$1.00 per line per issue; 50 cents per line to A.S.A.E. members. Mini- 
mum charge, four-line basis. Uniform style setup. Copy must be re- 
ceived by first of month of publication. 


PERSONNEL SERVICE BULLETIN 


(Continued from page 174) 


“NEW POSITIONS WANTED 


AGRICULTURAL ENGINEER desires research or planning work in 
water utilization duty of water, and estimating water supplies and crop 
yields. Deg of Petroleum Engineer, Colorado School of Mines, 1927, and 
graduate of Army Engineers School, 1939. Experience in soil and water 
field in U. S. Civil Service, 13 years, and miscellaneous other work in 
civil and mining engineering. Particularly interested in return to civil 
service, from which furlougned by reduction of force order in Bureau of 
Agricuitural Economics. ivo physical defects, available on short notice. 
Married. Age, 42. Salary $5000. W-383 


AGRICULTURAL ENGINEER desires work in private company in 
soil and water, farm structures, or sales field. BS deg in arts and science 
1944, and in agricultural engineering, 1947, Oklahoma A. & M. College. 
barm background, 9 mo. field mapping, U. S. Corps of Engineers; 3 
mo. Soil Conservation Service; 5 years commissioned war service; Corps 
of Engineers; currently teaching elements of field engineering. No 
physical defects. Available on 15 days notice. Married. Age, 30. 
salary $3600. W-384 


AGRICULTURAL ENGINEER desires work as manager of a planta- 
tion or large agricultural setup, either in U. S. or foreign country. BS 
deg in mechanical and agricultural engineering, University of California, 
1940; requirements for MS deg in irrigation engineering, University of 
Wyoming, neariy completed. More than 2 yrs. teaching and research; 
4 yrs. naval commissioned war service as engineering oifficer on diesel- 
electric destroyer. No physical defects. Available on reasonable notice. 
Married, age 30. Salary $4800. W-385 


AGRICULTURAL ENGINEER desires service work in power and 
machinery field, with private company. BS deg in agricultural! engi- 
neering. Enlisted commissioned war service in army motor maintenance. 
Currently employed as foreman in commercial freezing plant. No physi- 
cal defects. Available on 60-day notice. Married. Age, 25. Salary 
33000. . W-386 


AGRICULTURAL ENGINEER desires sales or production work in 
power and machinery field. BS deg in agricultural engineering 1946; 
in mechanical engineering, expected in 1947, University of Wisconsin. 
Farm background, one year mechanical and maintenance work with 
steel company. Unlimited steam marine engineers license. Enlisted and 
commissioned war service in U. S. Maritime Service. Amputation, one 
joint of middle finger, right hand. No interference with work. Avail- 
able in September. Married. Age, 25. Salary $3500. W-387 


AGRICULTURAL ENGINEER desires sales work in soil and water 
or power and machinery field. BS deg in agricultural engineering, Okla- 
homa A. & M. College expected in May. Over 5 yrs. enlisted an.) com- 
missioned war service in field artillery. Additional expericrce as 
student assistant in agricultural engineering department. No »ysical 
defects. Available June 1. Single. Age, 29. Salary $3000. W-%88 


AGRICULTURAL ENGINEER desires sales, service, experim: ‘tal or 
testing work with farm equipment manufacturer distributor. 1S deg 
in agriculture with major in farm equipment expected in Ms. Uni- 
versity of Wisconsin. Farm background including handling all types of 
farm machinery. War service in calvary and air corps. Part time em- 
ployment while in school, in service work at Wisconsin Gener»! Hos- 
pital. No physical defects. Available June 1. Married. Axe, 28 
Salary open. W-389 


AGRICULTURAL ENGINEER desires sales work in power and 
machinery, rural electrification, or farm structures. BS deg in agti- 
culture, major in agricultural engineering, expected in May, Unversity 
of Wisconsin. Experience part time sales, men’s clothing, »% YTS-; 
bookkeeper for motor sales and service, 9 mo.; commissioned war service, 
5 yrs.; research fellow, dairy barn research project. 1% yrs. No 
physical defects. Available June 1. Married. Age, 27. Salary open. 
W-390 


AGRICULTURAL ENGINEER desires extension or development work 
in rural electrification or soil conservation. BS deg in agriculture. with 
major in agricultural engineering, expected May, Macdonald ollege, 
Quebec, Canada. Experience 4 mo. irrigation work in British Co- 
jlumbia, 5 mo. extension work in rural electrification. No physical 
defects. Available May 15. Single. Age, 23. Salary $2400. W-591 


AGRICULTURAL ENGINEERING for April 1947 
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